This is a reproduction of a library book that was digitized 
by Google as part of an ongoing effort to preserve the 
information in books and make it universally accessible. 


[u] 


Google books ғ 


https://books.google.com 


LIBRARY 


OF THE 


UNIVERSITY OF CALIFORNIA. 


Digitized by Google 


Digitized by Google 


PROCEEDINGS 


OF THE 


American Institute 


OF 


Electrical Engineers 


Dolume XXUI. Per Copy, 50c. 
January, 1907 Per Year, $5.00. 


Number! 


CONTENTS 


Section I. Notes and Comments 


Editorial Comment ә А " 
Engineering Education - - А à 
Apprenticeship Experiences Е . А 
Local Organízations = : . å 
Minutes of New York Meeting, December 28, 1906 
Future New York Meetings s г я 
Applications for Election and Transfer - я 
Personal - - - 4 е j 
Obituary  - 
Officers and Board й Directon Standing Coelo 
Special Committees - "à 
Local Secretaríes—Local NEN —— - 
‘Directory of Local Organizations - - 


о 2 с о з 


SBSRRESSS 


сә 
- 


Section II. Papers, Discussions, and Reports 


On the Substitution of the Electric Motor for the Steam Locomotive, 
by Lewis B. Stillwell and Henry St. Clair Putnam - 

Wireless Telegraph Receivers, by S. M. Kintner  - $ 

Electric: Power Transmission, by Frederick Darlington - 

Discussion on “ Transformation of Electric Power into Light,” and 
“New Types of Incandescent tne" at New York, 
November 23, 1906 - 

Discussion on “ Wireless ipa YU e the Philasetphia Branch, 


Index to Advertisers 


Copyrighted 1907, by the Amer- Entered as matter of the second 
ICAN INSTITUTE OF ELECTRICAL class at the post-office, New York, 
gei gs Permission is given N.Y., December 17, 1904, under 
to reprint any matter provided Act of Congress, March 3 
proper credit is given. 899. 


SCIENCE ABSTRACTS. 


ÉEYIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII. 


Section A, Physics æ Section B, Electrical Engineering 


Issued monthly by the Institution of Electrical Engineers, London, 


in association with the Physical Societv of London. 


With the co-operation of the American Physical Society, the Amer- 


ican Institute of Electrical Engineers, and the American Electro-Chem- 
‘ical Society. 
dde db o4) н 


The contents of the two sections are as follows: 


Section A.—General Physics; Light; Heat; Electricity and Magnet- 
ism; Chemical Physics and Electro-Chemistry. 


Section B.—Steam Plant, Gas and Oil Engines; Industrial Electro- 
Chemistry, General Electrical Engineering, and Properties and Treat- 
ment of Materials; Generators, Motors, and Transformers; Electrical 
Distribution, Traction, and Lighting; Telegraphy and Telephony. 


+ ККЕ 


More than 150 publications, including Society Proceedings and other 
periodical publications, appearing in all parts of the world, are regularly 
abstracted. 

The subscription price is $4.50 for either section separately, or $7.50 
lor the two together. | 

Members or Associates of the American Institute of Electrical En- 
gineers can, by special arrangement, subscribe through the Secretary 
of the Institute on the reduced terms of $3.50 for either sect'on sep- 
aratelv, or $5.00 for both sections. Subscriptions should start in 
January. 

The first volume was issued in 1898. Back numbers are available. 
A sample copy of either section can- Бе dicic on application to 


JR: ALPH W. POPE; “Secretary, 
| American Institute of Electrical Engineers, 
95 LibertyStreet, New York. 


Please mention Proceepincs of А.І. E. E. 


PROCEEDINGS 


OF THE — 


American Institute 


OF 


Electrical Engineers 


\ 
| cae February, 1907 LLve 5500. 
CONTENTS 


Section I. Notes and Comments 
Editorial Comment 


t 
ya 


Steam Power Siation—T wia City Rapíd Transit Ce. - TS 
Establishment of a Historical Museum - - - 33 
Local Organizations - - 4 
Minutes of New York Meeting, January 25, 1907 - - 2] 
Library ee - - 25 
High-Tension Transmission Committee - - - 26 
Future New York Meetings and Annual Convention - - 27 
Applications for Election and Transfer - - - 28 
Personal—Obituary - - - 29 
Officers and Board of Directors— Committees - - =, Be 
Local Secretaries—Directory of Local Organizations - - 34 


Section II. Papers, Discussions, and Reports 


Alternating-Current Electrolysis, by J. L. R. Hayden А 103 
шш е Corrosion of Iron and Steel ín Concrete, by A. A. 


udson 
Some Theoretical Notes on the Reduction of Earth Сонгы -— 
Electríc ag (cd Systems by Means of Negative Feeders, 


High-Tensi ce Dette, by Alvin Meyers 167 
nd Transmission and Distribution of Electrical Energy, 

by ud E. Phelps 183 
Discussion on “Recent Investigation of Lightning Protective 

Apparatus," at New York, December 28, 1906 - 189 

Motor-Generators vs. Synchronous Convertors, by P. M. Лас - 217 

On the ig yg М о Large Generators Wound for 20,000 Volts, 


hrend 
Discussion on “ i ranslormation of Electric Power into Light,” and 
“New T mao Incandescent Lamps,” New York, Nov- 
ember redar е 906, by W. J. Hammer - 233 
Index to Adv - - - ш 


Entered as matter of the second 
Mi class at the post-office, New York, 

. N.Y., December 17, 1904, under 
jthe Act of Congress, March 3, 


Copyrighted 1907, by the Amer- 
ICAN INSTITUTE OF ELECTRICAL 
Enaingers. Permission is give 
to reprint any matter provides 
proper credit is giver. 


SCIENCE ABSTRACTS 


EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII) 
Section A, Physics æ Section B, Electrical Engineering 


Issued monthly by the Institution of Electrical Engineers, London, 
in association with the Physical Societv of London. 

With the co-operation of the American Physical Society, the Amer- 
ican Institute of Electrical Engineers, and the American Electro-Chem- 
ical Society. | 

ttktttttttt 


The contents of the two sections are as follows: 


Section A.—General Physics; Light; Heat; Electricity and Magnet- 
ism; Chemical Physics and Electro-Chemistry. 


Section B.—Steam Plant, Gas and Oil Engines; Industrial Electro- 
Chemistry, General Electrical Engineering, and Properties and Treat- 
ment of Materials; Generators, Motors, and Transformers; Electrical 
Distribution, Traction, and Lighting; Telegraphy and Telephony. 


deed bebe be € 


More than 150 publications, including Society Proceedings and other 
periodical publications, appearing in all parts of the world, are regularly 
abstracted. 

The subscription price is $4.50 for either section separately, or $7.50 
for the two together. 

Members or Associates of the American Institute of Electrical En- 
yineers can, by special arrangement, subscribe through the Secretary 
of the Institute on the reduced terms of $3.50 for either sect'on sep- 
arately, or $5.00 for both sections. Subscriptions should start in 
January. 

The first volume was issued in 1898. Back numbers are available. 
A sample copv of either section can be obtained on application to 


RALPH W. POPE, Secretary, 
American Institute of Electrical Engineers, 
33 West 39th Street, New York. 


Please mention Procegepincs of A. 1. E. E. 


| PROCEEDINGS 


OF THE 


American Institute 


OF 


Electrical Engineers 


Volume XXUI. Pe Cos 50c. 
Number 3 March, 1907 Per ae $5.00. 


CONTENTS 


Section I. Notes and Comments 


Editorial Comment - - - - 

Air-Cooled Transformers and Their Protection - - - 

Experiences with Oil-Insulated Transformers - - - 

Discussion at Minnesota Branch, February 8, 1907 - - 

| The Proposed New Institute Constitution - - - - 

| | Dedication of the Engineers’ Наар Agit 16-17 - E 

Local Organizations E - - - 

| Minutes of New York Meeting, March l, 1907 - - - 

Increase of Membership - - - 

Future New York Meetíngs and Kad Chaval - - 

High-Tension Transmission Committee - - - - 
Applications for Election and Transfer - - - 

| | Friendly Finance - - - - - - - 

Personal—Obituary - - - - - 

Officers and Board of Directors— бейге - - - 

Locaí Secretaries — Directory of Local рениш - - 


cA 353. фер Лү " 
co N N «D «D Со GC) Со Со У б 4» C) = 


Section II. Papers; Discussions, and Reports 
Appendix “On the Substitution of the Electric Motor for the Steam 


Locomotive,” by І. B. Stillwell and Н. S. Putnam - 235 
Discussion on “On the Substitution of the Electric Motor for the 

Steam Locomotive,” at New York, January 25, 1907 - 242 
Lightning Phenomena in Electric Circuits, by Charles P. Steinmetz 303 
Zigzag Leakage of Induction e by R. E. Hellnund - - - 327 


Index to Advertisers - - - - - Шш 


Entered as matter of the second 

_ Class at the post-office, New York, 

.Y., December 17, 1904, under 

the Act of Congress, March 3, 
1 


Copyrighted 1907, by the Amer- 
ICAN INSTITUTS OF ELECTRICAL 
Encingeers. Permission is given 
to reprint amy matter provided 
proper credit is given 


JUST READY 
12 mo. Cloth, 345 pp. | Illustrated Price, $3.00 net 


LONG-DISTANCE 
Electric Power Transmission 


Being a Treatise on the Hydro-Electric Generation of Energy ; 
Its Transformation, Transmission, and Distribution 


By ROLLIN W. HUTCHINSON, Jr. 


Consulting Electrical Engineer; Associate Member American Institute of Electrical 
Engineers, and Member of the Electrochemical Society 


CONTENTS. | 
Theoretical Hydraulics.—Applied Hydraulics.—H ydraulic Machines 
and Accessory Apparatus.— Generators, Switches, Protective Devices.— 
Laws of Electric Power Transmission.— The Transmission Line.—Trans- 
formers.—Motors.— Converters.— Practical Plants.—Features of Promi- 
nent Long-Distance Power Transmissions.—Index. 


Quarto Cloth, 463 Pages Illustrated Price, $10.00 net 


Electric Railway Engineering 


By H. F. PARSHALL, M. Inst. C. E. 
CONSULTING ENGINEER 


AND 
H. M. HOBART, M. I. E. E. 
CONSULTING ENGINEER 


437 Illustrations and Diagrams, and Many Tables 


CONTENTS. 

Mechanics of Electric Traction.— Tractive Resistance at Constant 
Speed. Acceleration. The Tractive Force and the Power and Energy at 
the Axles. The Study of the Characteristics of Electric Railway Motors, 
and of Section Characteristics and the Construction of Load Curves. 

Generation and Transmission of the Electrical Energy.— The Electrical 
Power Generating Plant. The High Tension Transmission System. The 
Sub-stations. The Distributing System. 

Rolling Stock.—Locomotives and Motor Carriages and their Electrical 
Equipment. Trucks. Index. 


D. VAN NOSTRAND COMPANY , 


Publishers and Booksellers 23 Murray and 27 Warren Sts., N. ү. 


Please mention Proceepincs of A. I. Е. Е. 


PROCEEDINGS 


OF THE 


American Institute 


OF 


Electrical Engineers 


Volume X XUI. ° Рег Copy, 5Oc. 
Number 4 April, 1907 | Per Year, $5.00. 


CONTENTS ` 


Section I. Notes and Comments 


[Dedication of Engineers’ Building, April 16-17, 1907. For contents 
under this heading see first page] 


Section II. Papers, Discussions, and Reports 
Protection Against Lightning, and the Multigap шыдашы; Arrest- 


er, by David B. Rushmore and D. Dubois - 347 

New Рае іп the реце of Lightning-Arreser, by E. E. F. 
Creighton - - - 383 
The Rowland T'elegraphic System, ^ Louis M. Potts - - 409 


Notes on Hydroelectric Plant иңен» апа ин Ay Far- 


ley Osgood - 44] 
Relative Merits of тыйы апа One-Phase нь, by 
Я Н. W: Tobey - - 463 
Relative Advantages of er Phase and Thee: Phase Transform- Р 
ers, by John S. Peck - 467 
Forced Oil and Forced-W ater Circulation ke Cooling Oil adi 
ted Transformers, by C. C. Chesney - - - - 473 
Enclosed Station Wiring, by F. O. Blackwell - - 477 
Potential Stresses as Affected by Overhead Grounded ке ENEN 
by R. P. Jackson - - - 485 
The Telephone Wire Plant, by а Р. Grace - - 495 
Light from Gaseous Conductors Within Glass Tubes— The Moss 
Light, by D. McFarlan Moore - - - 523 
Discussion on “Electrolysis”, at New York, March i, 1907 - - 560 


Index to Advertisers - - . - - - - - ій 


г Entered as matter of the second 
? class at the post-office, New York, 

‚ N.Y., December 17, 1904, under 
"ro a of Congress, March 3, 


Copyrighted 1907, by the Amek- , 
ICAN INsTITUTE OF ELECTRICAL `` 
Encinegers. Permission is givel 

to reprint any matter provide 
proper credit is giver . 


Quarto Cloth, 463 Pages Illustrated Price, $10.00 net 


Electric Railway Ma 


By H. F. PARSHALL, M. Inst. C. E. 
| SNS ENGINEER . 


Н.М. HOBART, M. LEE 
CONSULTING ENGINEER . 


437 Illustrations and Diagrams, and Many Tables 


^ 


| CONTENTS. 

Mechanics of Electric. Traction.— Tractive . быйан at Constant 
Speed. Acceleration. The Tractive Force and the Power and Energy at 
the Axles. The Study of the Characteristics of Electric Railway Motors, 
and of Section Characteristics and the Construction of Load Curves. 

Generation and ‘Transmission of the Electrical Energy.— The Electrical 
Power Generating. Plant. The High Tension Transmission System. The 
Sub-stations.: The Distributing System. 

Rolling Stock.—Locomotives and Motor Carriages and their Electrical 
Equipment. Trucks. Index. 


D. VAN NOSTRAND COMPANY 


Publishers and Booksellers . 23 Murray and 27 Warren Sts., N. Y. 


JUST READY . 
12 mo. Cloth, 345 pp. . Illustrated Price, $3.00 net 


LONG-DISTANCE 
Flectric Power Transmission 


Being a Treatise on the Hydro-Electric Generation of Energy ; 
Its Transformation, Transmission, and Distribution 


By ROLLIN W. HUTCHINSON, Jr. 


Consulting Electrical Engineer ; Associate Member American Institute of Electrical 
Engineers, and Member of the Electrochemical Society 


CONTENTS. 

Theoretical Hydraulics.—Applied Hydraulics.—Hydraulic Machines 
and Accessory Apparatus.— Generators, Switches, Protective Devices.— 
Laws of Electric Power Transmission.— The Transmission Line.— Trans- 
formers.—Motors.—Converters.— Practical Plants.—Features of Promi- 
nent Long-Distance Power Transmissions.— Index. 


Please mention Proceepincs of A. 1. E. E. 


Batered as matter of the second 
ss at the post-office, New York, 
.Y., December 17, 1904, under 
mon ef Congress, March 3, 
1 ў 


| PROCEEDINGS 
OF THE 
American Institute 
| OF 
Electrical Engi 
| Electrical Engineers 
NT : +» "s d | 
T a be. Tied a May, 1907 Gi Your be 00. 
Se CONTENTS 
on I. Notes and Comments 
à . Editorial Comment | i А - LES 
X e Schenectady Branch, Season 1906-1907 : : 3 
| Min of New York Meetings, April 15, April 26, 1907 - 0 
Minutes of the Annual Meeting, May 21, 1907 " 232 18 
ОЕ нары : : - 99 
Student Badges eee = ey PB 
‹ Results of Annual Election - : - : = 4/22 
‘Personal - - > И : з . =? 28 
o Sono MEER ME E e d ә 3 3 
| Section II. Papers, Discussions, and Reports | 
p. "The Properties of Electrons, by Samuel Sheldon 5 - 9l 
| *Choke-Coils versus Extra Insulation on the End-Windings of Trans- 
e formers, by S. M. Kintner 685 
. Protec Ol the Internal Invislation of a Static Transformer Against 
- Strains, by W. S. Moody - - - 689 
==, n Towers and Economical Spans, by D. R. Scholes 695 
x htning-Rods and Grounded Cables as a Means of Protecting 
= Transmission Lines Against Lightning, by Norman Rowe 733 
E (Location of Broken Insulators and Other Tranemission-Line Troub- 
M _ les, by L. C. Nicholson А 723 
Jne-Ph (Hg Tension Power Trausmision, by E. J. ono - 735 
Sor | Power Transmission Economics, by Frank G. Baum - 743 
: v ted Si leE Dase Altes ting- 
ОУ: Slichter cy ep 759 — 
i - 765 
779 
785 


Quarto Cloth, 463 Pages Illustrated Price, $10.00 net 


Electric Railway Engineering 


Ву Н. Е. PARSHALL, M. Inst. C. Е. 
CONSULTING ENGINEER 


AND 
H. M. HOBART, M. I. E. E. 
CONSULTING ENGINEER 


437 Illustrations and Diagrams, and Many Tables 


CONTENTS. А 

Mechanics of Electric Traction.— Tractive Resistance at Constant 
Speed. Acceleration. The Tractive Force and the Power and Energy at 
the Axles. The Study of the Characteristics of Electric Railway Motors, 
and of Section Characteristics and the Construction of Load Curves. 

Generation and Transmission of the Electrical Energy.— The Electrical 
Power Generating Plant. The High Tension Transmission System. The 
Sub-stations. The Distributing System. 

Rolling Stock.—Locomotives and Motor Carriages and their Electrical 
Equipment. Trucks. Index. 


D. VAN NOSTRAND COMPANY 


Publishers and Booksellers 23 Murray and 27 Warren Sts., N. Y. 


JUST READY 
12 mo. Cloth, 345 pp. Illustrated Price, $3.00 net 


LONG-DISTANCE 
Electric Power Transmission 


Being a Treatise on the Hydro-Electric Generation of Energy ; 
Its Transformation, Transmission, and Distribution 


By ROLLIN W. HUTCHINSON, Jr. 


Consulting Electrical Engineer ; Associate Member American Institute of Electrical 
Engineers, and Member of the Electrochemical Society 


CONTENTS. 

Theoretical Hydraulics.—Applied Hydraulics.—Hydraulic Machines 
and Accessory Apparatus.—Generators, Switches, Protective Devices.— 
Laws of Electric Power Transmission.—The Transmission Line.— Trans- 
formers.—Motors.—Converters.—Practical Plants.—Features of Promi- 
nent Long-Distance Power Transmissions.—Index. 


Flease mention PROcEEDiNOS of A. LÆ. E 


PROCEEDINGS 


OF THE 


American Institute 


OF 


Electrical Engineers 


$5.00. 


Dolume X XUI. Per Copy, 5Oc. 
Number 6 June, 1907 Per Year, 


o = - = 
* 


"yt 


CONTENTS 


Section I. Notes and Comments 


Frontispiece. Board of Director’s Room, A. LE. E. 
Editoríal Comment 

European Tour of the Institute, 1906 
Sections and University Branches - 
Associates Elected June 21, 1907 - 
Applications for Election - 


Engineers’ Building, Fouse Committee 
Personal - 
Books received - - - 

Section II. Papers, Discussions, and Reports 
The Hea of Wires by Electric Currents, by A. E. 

Kennelly and Е. К. Tp rie 

Interaction of Synchronous Machinery, by Morgan Боб» - 
copei one ting-Current Inductive Capacity, Chemical, 


nd Other Tests of Rubber-Covered Wires of Different 
Manufacturers by Henry WEF i - 
er a . Creig ton - 

htatng- -Arresters, by Percy H. 


A Proposed Lightni „Arrester Test, N. J. Nealí - - 
Notes on d Lightning- T , by Н. W. Tobey 

A New ete of S aor sions b-Tension Tanahis ња, 
Ѕоте New Methods in High-Tension Line Construction, by H. W. 
ee: for Voltages of 60,000 and Upward, by ‘Stephen 


Report of Library Committee - udi 
Constitution of the A. L E. E. (Amended May 21, 1907) - = | 


Copyrighted 1907, by the AMER- Entered as matter of the 
ICAN INSTITUTE OF ELECTRICAL 
Encingers. Permission is given 
to reprint any matter provided 


proper credit is given. 


N.Y., December 17, 1904, 


975 
981 
989 


015 
023 


second 


class at the post-office, New York, 


under 


the Act cí Congress, March 3, 
1899. 


Quarto Cloth, 463 Pages Illustrated Price, $10.00 net 


Electric Railway Engineering 


By H. F. PARSHALL, M. Inst. C. E. . 
CONSULTING ENGINEER 


AND 
H. M. HOBART, M. I. E. E. 
CONSULTING ENGINEER 


437 Illustrations and Diagrams, and Many Tables 


CONTENTS. | 

Mechanics of Electric Traction.— Tractive Resistance at Constant 
Speed. Acceleration. The Tractive Force and the Power and Energy at 
the Axles. The Study of the Characteristics of Electric Railway Motors, 
and of Section Characteristics and the Construction of Load Curves. 

Generation and Transmission of the Electrical Energy.— The Electrical 
Power Generating Plant. The High Tension Transmission System. The 
Sub-stations. The Distributing System. 

Rolling Stock.—Locomotives and Motor Carriages and their Electrical 
Equipment. Trucks. Index. 


D. VAN NOSTRAND COMPANY 


Publishers and Booksellers 23 Murray and 27 Warren Sts., N. Y. 


JUST READY 
12 mo. Cloth, 345 pp. Illustrated Price, $3.00 net 


LONG-DISTANCE 
Electric Power Transmission 


Being a Treatise on the Hydro-Electric Generation of Energy ; 
Its Transformation, Transmission, and Distribution — 


By ROLLIN W. HUTCHINSON, Jr. 


Consulting Electrical Engineer ; Associate Member American Institute of Electrical 
Engineers, and Member of the Electrochemical Society 


CONTENTS. 

Theoretical Hydraulics.—Applied Hydraulics.—H ydraulic Machines 
and Accessory Apparatus.—Generators, Switches, Protective Devices.— 
Laws of Electric Power Transmission.— The Transmission Line.—Trans- 
formers.—Motors.—Converters.— Practical Plants.— Features of Promi- 
nent Long-Distance Power Transmissions.— Index. 


Please mention Proceepincs of A. I. E. B 


"JOS 10j€1eu93-10j0U] әшцоәеш-әәщу 'sioueuo-si[ V '"'^X-00S V 'uope[[e)su] иләрош е jo әјішехә uy 


1907. 


PROCEEDINGS 
OF THE 
American Institute 
OF 


Electrical Engineers. 


Published monthly at 95 Liberty St., New York 
City, under the supervision of 


THE EDITING COMMITTEE. 


THOS. J. JOHNSTON, Chairman. 
GANO DUNN. CECIL P. POOLE. 


RALPH W. POPE, Editor. 


Subscription. United States, Canada, Mexico and 
Cuba, $5 per year. 
All other countries $6 per year. 
Single copy 50 cents. 
Subscriptions must begin with January issue. 


Advertisements accepted from reputable concerns 
at the following net rates: 


Less than 
ha.f year. Half year. One year. 


Space. - 

per issue per issue per issue. 
1 page $36.00 $32.00 $30.00 
$ page 22.00 18.00 16.00 


Additional charges for Preferred Positions. 
Pro.es.ional Cards, »pecial rate o1 $25 per year. 


Vol. XXyl. January, 1907. No. 1. 


Transfers 


ECENT circulars distributed by 
committees have elicited replies 
indicating that certain unsuccessful ap- 
plicants for transfer to the grade of 
Member are dissatisfied with the re- 
sults. In a general way it may be 
stated that these applicants have not 
submitted proper records of their en- 
gineering experience. One of the im- 
portant qualifications of an engineer 
is that he should be able to prepare 
specifications or reports of his proposed 
work, or of investigations in behalf of 
a client. He should be able to judge of 
his own qualifications, and specify the 
unportant work he has done, and for 
which he was responsible. Many appli- 
cants rely upon their references to give 
this information, and this is frequently 
done. Theintention is, however, that the 
applicant should personally record not 
only his electrical engineering experi- 
ence, but indicate the periods of time 
occupied in carrying out the work. The 
requirements of the Constitution are 
simple, and if the applicant can comply 
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with them he is in a certain sense more 
competent from his own knowledge to 
determine his qualifications than is the 
Board of Examiners which depends 
chiefly upon the records placed before it. 
The impression that appears to have pre- 
vailed in the past—that the decision of 
the Board was a mere perfunctory pro- 
ceeding, has gradually been replaced by 
a belief that it is too rigid in its inter- 
pretation of the Constitution. ` If Asso- 
ciates will indulge in a serious contem- 
plation of their records before filing 
their applications, they will in most 
cases avoid delay and annoyance, and: 
greatly facilitate the work of the Board 
of Examiners. 


Science Abstracts 


ONE of the early undertakings of the 

Institute was a general index to 
current electrical literature. There were 
a few members who had commenced 
the preparation of such an index, for 
their personal use, but soon realized 
that it was a serious task and sug- 
gested that it was а proper function 
for the Institute. The work was begun 
and carried on through publication in 
the monthly issues of the TRANACTIONS. 
It was, however, too much of a burden 
for the voluntary individual efforts of a 
single person, and it was abandoned. 
Experience showed that it was needed 
very much by a few engineers, but a 
large number either cared little for it 
or preferred to depend upon their in- 
dividual efforts. Since that time others 
have begun similar publications. The 
best of these is known as Science Ab- 
stracts, which is issued in two serics of 
monthly parts, covering the fields of 
Physies and Electrical Engineering. Its 
publication was begun in 1898 under 
the auspices of the Institution of Elec- 
trical Engineers, with the coopcration 
of other learned societies. Through an 
arrangement made in 1902, members of 
the American Institute of Electrical 
Engineers have been permitted to sub- 
scribe for this publication at a reduced 
rate. If its value were more generally 
appreciated, no doubt the number of 
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subscribers would be greatly increased, 
and to this end further information is 
given in the advertising pages of this 
issue. To avoid the necessity of making 
foreign remittances, the Secretary has 
been authorized to receive subscrip- 
tions, and conduct the required corre- 
spondence with the British Institution. 


Nominations. 


URING the first week in February 
the Secretary will send to the 
membership, as required by the Con- 
stitution, the necessary forms and 
envelopes for preparing nominations 
for the offices becoming vacant this 
year. In case of failure to receive 
these forms, the Secretary will, upon 
request, send single sets; he is not 
permitted to send them in quantities. 
The nomination forms should not -be 
signed, but the name of the sender 
should be placed on the envelope. A 
form of proxy is also enclosed. This 
cannot be utilized for voting for officers, 
but only for any business which may 
be brought up at the annual meeting. 
Proxies should be filled in with the 
name of a person who is likely to at- 
tend the annual meeting. It is desirable 
that they should be returned, as prox- 
ies may be required to ensure a quorum. 
They may be enclosed with the nomi- 
nation forms, and this practice is con- 
venient and preferable. 


Branch Meetings. 


HE experience of several of the 
Branches having the largest mem- 
bership has led to decided improvements 
in their practice. Some of them have 
prepared excellent schedules covering 
the entire season, and in these cases 
original papers are usually to be pro- 
vided by local or visiting members. 
There now appears to be a better under- 
standing regarding the use of papers 
which have been presented at the New 
York meetings, which may be abstracted 
and discussed if deemed advisable by 
the local officers or committees, in case 
nothing more suitable can be provided 
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for the local meeting. Where the author 
can present an important paper in per- 
son, especially if accompanied by demon- 
strations or lantern slides, the best re- 
sults are attained. Опе precaution 
should always be carefülly observed. 
The person who presents a paper at 
any meeting should be a member or a 
person of such standing that there 
can be no question as to the merits of 
his subject or the manner in which it 
is treated. While the actual presenta- 
tion of a paper of an inferior grade 
might cause no harm, the fact that it 
has been read at an Institute mceting 
may be used for advertising purposcs 
or in some objectionable way which 
would cause annoyance. There should 
be little difficulty in making inquiries 
in advance, thus avoiding any such 
possibility. The By-laws provide that 
unless accepted by the Institute for 
publication, no reference should be 
made to its presentation at an Insti- 
tute meeting, if published elsewhere 
by the author. 


PE ARATIONS are being made for 

removing the offices of the Insti- 
tute to the Engineers’ Building, 33 West 
Thirty-ninth Street on Saturday, Feb- 
ruary 2. The library will follow on 
February 4, provided the shelving is 
ready for the placing of the books. At 
the proper time notice of change of ad- 
dress will be sent to all members. An- 
other week will possibly be required for 
the delivery of new furniture and laying 
of carpets. 


[9 59 for copies of papers 

would save time and trouble if they 
would first ascertain the name of the 
author, the exact title of the paper, 
where it was presented, and the approx- 
imate date. The time to dothis is when 
they first hear of the publication. By 
giving as much of this information as 
possible. a search for the required ar- 
ticle will be greatly facilitated. Many of 
the papers asked for from time to 
time have not been published by the 
INSTITUTE. 
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Engineering Education * 
By ARTHUR J. ROWLAND. 


I am going to ask your attention 
to some thoughts of mine which 
seem to centre pretty well about the 
topic—The proper scope of engineering 
education: in particular, the proper 
scope of electrical engineering educa- 
tion. АП education, or certainly such 
branches as are at all familiar to any 
of us here present, may be broadly 
divided into two sorts; general educa- 
tion and professional education. 

General education includes two sorts 
of subjects, these are: 

(a) Those which are studies for the 
requirements of every day life, but 
without any especial object in view. 
Included in this class will be subjects 
like arithmetic, reading, writing. 

(b) Those which are studied for the 
sake of the culture which they give 
to the persons who pursue them. In 
this class belong literature, history, 
language, and related subjects; іп 
some cases mathematics and science 
are culture subjects. 


Professional education is distinctly 


different. It includes subjects, a knowl- 
edge of which is essential to the 
carrying out of the duties of a given 
profession. It includes not only sub- 
jects which present the practice of a 
profession, but those which set forth 
the principles and theory underlying 
the practice; those which form the 
foundation stones upon which the 
professional career is to be built. 

Engineering education is of this 
latter sort. Part of it is obtained in 
technical schools, or universities. An- 
other part can only be obtained in 
that school everyone of us still attends 
—the school of experience. 

Narrowing our thouzht to include 
for the most part the professional 
knowledge which is found in books, 
and which is best obtained under 
instruction, it needs no demonstra- 


*Presented at a meeting of the Philadelphia 
Branch of the *MERIC*'N INSTITUTE Oo" E E^TRI- 
CAL E NcGriNERESS, December 10, 1906, in the new 
engineering building of the University of Penn- 
sylvania. 
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tion that in the earlier part there 
must be included such fundamental 
subjects as mathematics, physics, chem- 
istry, etc. That the various branches 
known as engineering subjects must 
be included, goes without saying; a 
considerable amount of time being 
spent upon expositions of why things. 
in nature are as they are—the 
laws of the subject—the theory 
if you choose, always illuminating 
this carefully with practice. And the 
scope must be such that in later life 
supplementary and advanced study 
alone is necessary to give an engineer 
the proper grasp of a subject he needs 
in order to solve any problems which 
present themselves. The work done 
on subjects which are the funda- 
mentals of engineering knowledge must 
be so well and completely done that 
the superstructure, no matter just 
what its character, can be reared 
successfully without need of consider- 
ation for the foundations. They must 
have been laid strong and wide and 
secure. 

And just here let me call attention 
to the fact that I am speaking of an 
education for an engineer. I therefore 
have no thought of trade school courses, 
elementary technical courses, and the 
like; which, if given with honesty of 
purpose, are only intended to fit men 
for the less important positions in 
the wide field of engineering applica- 
tions, (those in manufacturing, operat- 
ing, and the like). 

What I have so far said would 
probably be said by anyone connected 
with engineering education. But how 
far shall the education go? How 
comprehensive shall it be made? There 
is no school where engineering is taught 
but it would be easy to lengthen the 
course and make it extend over more 
time. There is no one who comes to 
the end of his course, but he feels, if 
he understands at all what engineering 
is, that his professional education 
has not more than just begun. 

Before a man starts on an engineer- 
ing education, he has decided what 
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he proposes to make of his life; not 
only has he considered what his inclin- 
ations and abilities are, but what 
sort of career he may expect. Hence 
the expenditure of time and money 
upon a course of study (in many cases 
this means not only a direct expenditure 
of money, but a sacrifice of earning 
capacity as well, is an investment 
which is made, as is any investment 
in any, business venture, with a view 
to the returns which are to be ex- 
pected. 

Now depending upon his age, his 
position in life, and his carning capac- 
ity, there is a time for each. man when 
any gain he is making in education 
is over-balanced by the cost of it to 
him; and so the time has come when 
he ought to stop paying tuition, and 
under an entirely different environ- 
ment, partly in the school of experience 
and partly by reading and study 
alone or in some special way, continue 
his education. 

In making this statement it will 
be clear that certain things have not 
been taken into account. А student 
cannot stop a course at some particu- 
lar point of itslength, for example, thrce 
quarters the way through and realize 
three quarters of the benefit of what 
the course had in it for him. Nor 
can he select such subjects as he pleases 
to put into the three quarters that he 
takes, for reasons obvious to anyone who 
has had experience in educational mat- 
ters. I believe that a man who enters a 
given course of study ought by all 
means to follow it through and gradu- 
ate from it. But in order to give 
some support to the opinions I have 
expressed, I want to ask you to listen 
to some ideas in reference to the ar- 
rangement of an enginecring course. 

I do not believe there 1s one standard 
plan, requiring a fixed number of 
years to accomplish the amount of 
education which properly belongs in 
an enginecring course. [I have stated 
earlier in this paper that it is vitally 
important to have the foundations prop- 
erly laid. But it is possible, on the 
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other hand, so to arrange things in a 
long course, that at the end of any 
given period, a definite kind and scope 
of engineering study has been accom- 
plished. I mean to contrast this with 
the plan, too often found in engineer- 
ing, as in other professional courses, 
where everything is planned to be 
preparatory to, or to lead up to, the 
final year of work. 

By a suitable arrangement of sub- 
jects of instruction, such as I have 
suggested, even the man who is stopped 
in a course because of inadequate 
mental endowment to pursue it further, 
leaves the institution where he has been 
under instruction with an equipment 
of engineering knowledge complcte in 
itself, so far as it goes, even if he never 
attempt on his own account to extend 
it further. Somehow, in my experience, 
I find many men who have fine engi- 
neering qualities—particularly in the 
direction. of being able to do things 
and do them well—who have tremen- 
dous difficulty in mastering higher 


mathematics and pure science; sub- 
jects usually placed carly in their 
courses. Failure to pass them often 


forces them out before real engineer- 
ing education has been begun. 

Hence, I am in favor of an arrange- 
ment of subjects which does not follow 
"standard " lines. | Some subjects 
must take precedence of others, but 
physics and = trigonometry can be 
studied together; physics need not be 
completed before engineering subjects 
are begun; analytical geometry can be 
rather better taught with calculus 
than preceding it; mechanics of ma- 
terials and alternating currents can be 
taught side by side with the study 
of calculus; and all these things can be 
done without the sacrifice of any val- 
uable principles in any of the subjects. 
In fact, the close association of subjects 
like those just mentioned is of great 
advantage. Students are thus enab- 
led to see the application of what 
seems like an abstract principle even 
while studving it. How many of us 
would have been delighted to know, 
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when we were being introduced to 


а b 
such symbolism as - or f ydx that 
y E 
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these things embodied ideas of vital 
consequence in many lines of engineer- 
ing. How much our interest would 
have been awakened in subjects we 
thought were abstract and uninterest- 


ing, but which we had to wade 
through because they were in the 
course, if their intimate relation 


to other subjects in which we had a 
lively interest could at the time have 
been made plain to us. According to 
the method I am setting forth, even 
‘if at times mathematical knowledge 
lags behind the requirement of another 
subject, it seems to me that in all 
engineering work a physical -concep- 
tion of phenomena is far more import- 
ant than a mathematical conception. 
Thus in an alternating current circuit 
it 15 much bctter to know that the 
electromotive force of inductance lags 
behind the current there flowing by 
one-quarter period, as a simple and 
direct consequence of Lenz’ law of 
electromagnetic induction, than to 
base this wholly on the differentiation 
with respect to time of the instantane- 
ous value of the current expressed as a 
sine curve in a mathematical equation. 
The first method makes it real; helps 
it to live in a student’s thought and 
memory. The other invariably seems 
abstract. Both together are properly 
supplementary and it 15 best, of course, 
to understand both. 

Once more, a few words in reference 
to the subjects which are properly 
included in an engineering course—one 
of professional study. Culture work 
is not properly included in it. The 
study of foreign languages is wholly 
a culture study. Some foreign lan- 
guage used to be thought necessary as 
a means of looking up engineering 
information. There never was a time 
when there was as little need for a 
knowledge of foreign language with 
this in view, as at the present time. 
No one, even if he devotes a large part. 
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of his time to it, can keep up with the 
literature and periodical information 
in his own language; not even in a 
single narrow line of engineering. 
English language and literature study 
is being eliminated from many college 
courses in engineering; a sort of culture 
work far more important, it seems to 
me, than the other. But there is an- 
other sort of culture study harder to 
eliminate from engineering courses. 
The subjects of mathematics, chemis- 
try, physics, and even drawing. can 
be and often are taught as culture sub- 
jects. The higher mathematics, if 
taught by a mathematician, becomes 
largely a sort of mental gymnastics; 
valuable no doubt for mental culture, 
but to most students a subject apart 
from, and having little connection 
with, the engineering studies in which 
it is made use of. In the hands of an 
engincer, mathematics is a means to 
an end; a tool to be used as a means 
of digging out solutions to practical 
problems. To a mathematician, math- 
ematics is not practical and should 
not be considered except as an abstract 
subject of knowledge. Physics, whose 
relation to engineering is so vital that the 
man who cannot compass its principles 
is unlikely to gain any real understand- 
ing of engineering problems, can easily 
be made a pure science subject, so 
pure that its connection with engineer- 
ing becomes almost, if not wholly, lost. 
Drawing may partake so much of art, 
that those vital purposes on account 
of which it is made a necessary part 
of an engineering education would 
never be revealed. 

And yet there is a culture which, it 
seems to me, ought to be made an im- 
portant part of an engineering course. 
Engineering has a history and a liter- 
ature of its own to which every student 
should gradually, in the course of his 
study, be introduced, and with which 
he ought to come to feel very well 
acquainted. There are many lives of 
engineers which are as much an in- 
spiration to high ideals, to honest 
working, to benefit their fellow men, 
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as any to be found in literature. There 
are many achievements in engineering, 
a knowledge of which is as much a 
matter of culture as anything to be 
learned from a history of nations, es- 
pecially if the latter includes the study 
of conquest and of political intrigue. 

Last, of all, a word in reference to 
the scope of electrical engineering ed- 
ucation. Electrical engineering educa- 
tion is an outgrowth from physics and 
mechanical engineering. All of us can 
remember how, fifteen years ago, it was 
often said that electrical engineering 
was nine-tenths mechanical engineering 
and one tenth Ohm's law. That time 
has long passed. Ап electrical engi- 
neering course must indeed include 
mechanical engineering subjects as 
surely as doesa civil engineering course; 
but it is not hard to find courses where 
thermodynamics and steam engine 
occupy as important a place as elec- 
trical subjects. There are a large 
number of positions in electrical engi- 
neering, probably a majority of places, 
where no knowledge of steam is re- 
quired at all; where the knowledge of 
thermodynamics and heat in physicsand 
in electrical study more than covers all 
requirements. I believe thoroughly 
in a strictly and distinctively electrical 
course for electrial engineers. And 
above all I believe in having all 
the subjects of a course in engineering 
taught by engineers who are working 
tozether to one common end. 


A Summer in the General 
Electric Test* 

To start at the beginning of things, 
it was one morning in June this last 
summer when I first formally re- 
ported at the General Electric works 
іп Schenectady. First impressions 
were not as marked in my case as in 
most cases, because two weeks before 
I had visited the works while on the 
annual inspection trip of the senior 
electrics. 

*A paper read by Andrew W. Farnsworth at 


a.. eeting of the Worcester Polytechnic Institute 
Brancl of С.е А Т.Е.Е., November 12, 1906. 
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In the waiting room I met several 
of the college graduates about to 
start in. After having been presented 
to the electrical superintendent, Mr. 
Rohrer, we were sent down to one 
of his assistants for final instructions. 
As we were seated in thelast mentioned 
office, awaiting our turn, the thing 
which occupied our attention most 
was a Red Cross case, which suggested 
accidents to come. This thought 
was more forcibly brought to mind 
by the assistant asking, among other 
things, our religion. I do not know 
the true reason for asking that ques- 
tion, but the only one that has been 
suggested is, to know what kind of 
a divine to call in case of serious ac- 
cident. 

The questions through with, we were 
then assigned to places in the machine 
shops. This was rather unexpected, 
for hitherto college graduates had 
been placed in the testing depart- 
ment immediately. Some of the men 
were placed on purely mechanical 
work, such as helping on large boring- 
mills, on drill-presses, lathes, etc. 
Others were placed in the commutator 
department, with the winders of induc- 
tion motors and also direct-current 
motors, with assemblers of regulators, 
transformers, motors, etc. I chanced 
to be among those assigned to induc- 
tion motor assembling. 

As I have said, we were the first 
set of college graduates to be placed 
in the machine shops, and undoubt- 
edly many changes in methods of 
placing and shifting men have since been 
inaugurated which will serve to give 
the man starting in a more compre- 
hensive idea of the manufacture of a 
machine from start to finish. However, 
as it was, most of the men heartily 
endorsed this scheme of a month or 
two of preliminary machine-shop work. 

In my own case, the work was inter- 
esting, involving as it did the assemb- 
ling of field-spiders, armatures, shields, 
bearings, oil-rings, oil-gauges, etc., of 
induction motors ranging from five 
horse power to five hundred horse 
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power; the lining up of motors and 
outboard bearings on bases; and, 
incidentally, about a week of assemb- 
ling bases for small motors, which 
was mostly a case of chipping castings. 

Not only was the work interesting, 
but I appreciated the opportunity 
of conversing with the men as fellow 
workmen. On the whole I found 
them to be more intelligent than 
similar workmen in the New England 
States. They were well organized and 
seemed to have the prices on piece- 
work, which is the common basis of 
pavment, arranged so that no man 
need make less than union wages. 
Certainly, I had little difficulty in 
earning union wages when on piece- 
work. Here, too, was seen a source 
of the socialistic movement now gain- 
ing so much headway the country 
over. Without exception, the men 
seemed to look on it as some kind of 
movement which would give them 
as much money, yearly, as their 
supenors. Their socialism appears to 
be solely a monetary one. 

At the end of five weeks I was 
transferred to the induction motor 
test. As the induction motor is one 
of the most perfect of electrical ma- 
chines, and one of the easiest to test, 
little can be said about the electrical 
end of this test. 

Here again I found a Red Cross 
case, and learned that the provisions 
for caring for the injured are most 
complete. The head of the test is in 
every case skilled in giving first aid 
to the injured, but for final care and 
for serious injury there is a hospital 
located centrally to the whole works. 
A trained nurse is on duty at all times 
and the best of care is rendered free 
of charge. 

And so as the weeks went on, many 
things came to my notice which showed 
the thought which the men in charge 
have given to the comfort and safety 
of the workmen. As for the works, 
themselves, a detailed description of 
them would require volumes. and is 
far beyond the scope of this article. 


NOTES AND COMMENTS. 7 


A few words must be said as regards 
the test men themselves. All types of 
men were encountered, men from every 
part of this country and from all count- 
ries of the globe. There were men 
with means and men without means. 
I have in mind two men: one, an Eng- 
lishman of rank, who, when asked 
where he was staying, replied: 

“ At the Mohawk Hotel.” 

"But don't you find that a bit 
expensive." asked the other. 

"Oh, only fifteen dollars a week 
and a few extras," was the reply. 

The other man said he was going to 
put a dollar a week in the bank. They 
were both receiving $8.40 a week. 

And so there were extremes in many 
ways, but one could not help thinking 
that he was meeting men who will 
in the near future play a prominent 
part in the electrical world. 

There is another side to the test 
life, and that is the part spent away 
from the works. The city of Schenec- 
tady is not an inviting one, as a person 
with the income of a test man sees it. 
Wherever he turns to seek room and 
board, he comes in contact with the 
laborer and his struggle. All of the 
family that can possibly be spared are 
working either for the General Electric 
Company or for the American Loco- 
motive Company. The wife and younger 
ones stay at Home and plan for the 
boarders, and roomers,if by chance there 
is an extra room. Supplies are high, as 
is also rent, and accommodations within 
walking distance of the works are poor. 

It was a genuine pleasure after a 
week of toil to walk to the other part 
of the city and see the Carnegie Library, 
the Union College Buildings (reminders 
of happier days), and the residences 
of the officers of the company. Then, 
too, there were numerous chances to 
see the neighboring country, by means 
of trolley, small launches on the 
famous Erie Canal, and various excur- 
sions on the steam roads. All in all, 
I consider it a summer well spent, 
and rich in experiences that will be 
lasting in their benefits. 
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A SummerExperience with 
the Westinghouse Elec- 
tric and Mfg. Company* 


In looking for summer work the ques- 
tion of wages is more likely to appeal 
to a student who has nearly completed 
his college course than the question of 
experience, but with the present trend 
of electrical development it is exceed- 
ingly dithcult for a man without ex- 
perience to obtain more than enough 
to cover his living expenses, and a 
junior finds himself in just these cir- 
cumstances. It is most beneficial for 
the student who has just completed 
three years of theory, to obtain some 
practical points in the application or 
construction of actual apparatus, and 
the methods most common in practice. 

Of the large manufacturers of elec- 
trical machinery offering opportunities 
for summer practice to students, the 
General Electric Co and Westinghouse 
Electric and Mfg. Co. are most promi- 
nent. Although the wages which these 
companies pay are exceedingly small 
and not sufficient to cover the expenses 
of those who come from a distance, 
yet the course of practice which 
they offer is profitable enough to offset 
any deficiency in wages. The method 
of employment with the Westinghouse 
Co. is so carried on that in a little less 
than two years a student has covered 
all of the important departments of the 
manufacturing side of the electrical 
work, and has besides spent some time 
in the engineering offices. 

When beginning employment with 
the company, the student is placed in 
some one department of the shops and 
works under the direction of a journey- 
man, actually doing the work in process 
in that department. He is kept in this 
department long enough to become 
familiar with the methods and construc- 
tional points which come before him, 
and is then changed to another depart- 
ment. Opportunities are given him for 
inspection of the work throughout the 


*A paper read by Р. C. Smith at a meeting of 
the Worcester Polytechnic Institute branch of 
the A.1.E.E., November 12, 1906. 
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shops, so that many '' pointers ' may 
be obtained outside of the department 
in which he is working. 

Briefly looking over the experiences 
of a junior student the past summer, 
at the Pittsburg works of the Westing- 
house Electric and Mfg. Co., you will 
find him first employed in the coil de- 
partment, which is one of the largest in 
the shops. Eight weeks were spent in 
this department' winding and testing 
transformer coils, winding and insu- 
lating armature coils and field coils, 
and preparing insulation for the many 
purposes for which it 1s used throughout 
the shops. Having spent enough time 
in this department to obtain a fair idea 
of the work carried on there, a transfer 
is given him to the railway motor de- 
partment. 

Here we find him placed with a wiring- 
crew, wiring up some of all the types 
then under construction. He is next 
placed with assemblers and worked 
with them for some time, and then 
given motors to assemble by himself. 
This latter work gives him more ex- 
perience than any other that he does 
during the summer, as it places him 
upon his own resources, and gives him a 
chance to study thoroughly the construc- 
tion of the motor which he assembles. 

It might well be added that the exper- 
ience one obtains not only in the West- 
inghouse shops but also in visiting the 
many large manufacturing industries of 
the city of Pittsburg is well worth while. 


Even in the daily walks of business 
there is frequent temptation to obscure 
the truth. But the man who passes his 
life in contests with nature is not apt to 
be a sophist. The engineer can have 
no object in concealing the truth or in 
misusing it. His work :sa material fact; 
it is not an impression upon the minds of 
other men. No ingenuity of argument, 
no power of rhetoric will save one ounce 
of coal per horse-power-hour. We all 
know in some vague and abstract way 
that we must yoke our wagon to a star, 
but the engineer must do it.—/HenryG. 
Prout. 
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Summer Experience* 


The idea of entering telephone work 
was first presented to me by the repre- 
sentatives of different telephone com- 
panies, who came to the Institute last 
spring for the purpose of recruiting 
students. The American Telephone and 
Telegraph Company seemed to offer the 
best proposition, and I became one of 
several Institute men to enter their 
employ. It was agreeably arranged that 
we were to work together in groups of 
two. | 

Early in June, Mr. Quimby and I re- 
ported at the company's office in Derby, 
Conn., and began work as equipment 
men under the direction of an inspector. 
Our first job was the installation of a 
test-station at a junction of two of the 
New York-Boston lines. The apparatus 
to be installed consisted of bridle- 
cables, lightning-arresters, heat-coils, 
and the test-board with its cross-con- 
necting rack. The general arrangement 
of the equipment was determined by 
blue-prints, while minor details were 
left to the judgment of the inspector. 
Thorough tests were applied to each part 
of the apparatus during its assembly, 
and the station was tested as a whole 
before it was finally connected to the 
lines. 

As the inspector in charge of this 
work was a cable-man as well, we were 
given considerable experience in the 
laving of submarine cables, in the mak- 
ing of splices and pot-heads, and in the 
wiring of cable-boxes. In this regard, 
some account of the laying of a 22-pair, 
lead-sheathed, armored cable may be 
of interest as bringing out some of the 
problems which the telephone engineer 
should be prepared to meet. 

The cable referred to now carries the 
Midland line under the Connecticut 
River at Bissel's Ferry, Connecticut. 
The cable was about 1600 ft. long and, 
with the reel, weighed about seven tons. 
It required a strong truck, brought from 
Hartford, to convey such a heavy weight 


—— 


*A paper read by Joseph T. Butterfield, at a 
meeting of the Worcester Polytechnic Institute 
Branch of the A.I.EZ.E., November 12, 1906. 
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to the river bank. Here it was unloaded 
and rolled upon the ferry-scow over a 
plank roadway supported by substan- 
tial blockings of old railroad ties. A 
seven-strand guy-wire was stretched 
across the river in line with the ter- 
minal-poles, and the scow fastened to 
this temporary cable by a pair of run- 
ning-blocks. All the preparations being 
complete, the actual laying of the cable 
required little more than an hour. 

After two months of such work, I 
was employed for the remainder of the 
summer in the manager's office at Derby. 
The work assigned me was the prepara- 
tion of drawings and estimates for pro- 
posed test-stations, but a fair propor- 
tion of my time was spent in locating 
and repairing various troubles in the 
wiring and boards of the switching sta- 
tion then in operation at the office. 

From this imperfect account, it will be 
seen that a student taking up summer 
work with the American Telephone and 
Telegraph is given a variety of tasks, 
furnishing valuable experience, whether 
or not he intends to enter the telephone 
business. 


Local Organizations 

Local secretaries are invited to co- 
operate with the editorial staff, by 
preparing for publication in the Pro- 
CEEDINGS a suitable synopsis of each 
Branch meeting; this is not to super- 
sede the formal official report for which 
printed forms are furnished. Both 
official form and synopsis should reach 
the Secretary on or before the sixth 
day of the month following the meeting. 


UNIVERSITY OF ARKANSAS. 
PROGRAM FOR 1907. 


January 15, A.LE.E. paper by Mr. 
C. R. Rhodes. '' Boiler Explosions,” by 
Professor N. B. Wilson. | 

February 5, A.I.E.E. paper by Mr. 
W. S. Bayley. “Electroplating,” by Pro- 
fessor L. S. Olney. | 

February 19, A.I.E.E. paper by Mr. 
V. A. Harding. Original paper by Mr. 
R. M. Edwards. 

March 5, A.LE.E. paper bv Mr. S. 
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B. Graham. ''Measurement of the 
Speed of Electricity," by Professor H. 
Schapper. 

March 19, A.I.E.E. paper by Mr. 
К. A. Reed. '' Winter Tests on Electric 
Meters," by Mr. M. Е. Thompson. 
Original paper, by Mr. J. R. Belknap. 

April 2, A.I.E.E. paper by Mr .O. 
E. Hicks. '' The Arrhenins' Theory of 
Electrolytic Dissociation," by Professor 
C. G. Carroll. 

April 16, A.I.E.E. paper by Mr. G. 
C. Baker. '' The Electrification of Steam 
Railways," by Professor W. N. Glad- 
son. 

May 7, A.LE.E. paper by Mr. E. 
H. Dicksor. Original paper by Mr. E. 
B. Critzer. 

May 21, A.LE.E. paper by Mr. W. 
D. Berry. Original paper by Mr. W.B. 
Stelzner. Original paper by Mr. V. A. 
Harding. 


BALTIMORE. 


At a meeting of this Branch held 

December 14, 1906, there was adopted 
a resolution continuing the present 
officers and executive committee in 
office to June 1907. The annual elec- 
tion of officers, under this arrange- 
ment, will take place at the last meet- 
ing prior to the summer recess, in order 
that the new organization may start 
with the opening of the Branch work 
in the fall, instead of as at present 
when the change of officers occurs, in 
the middle of the year. 
. Mr. W. I. Slichter, of the engineering 
staff of the General Electric Company, 
read a paper on a ''Comparison of 
Alternating Current and Direct Current 
for Electric Traction." The paper was 
one of much interest and aroused a 
lively discussion. Those  participa- 
ting in the discussion were Dr. White- 
head, Messrs. Shepard, Adams, Thomas, 
Keilholtz, Foster, Edwards, Slichter, and 
Hewes. 

At the meeting of the Baltimore 


Branch, held in the Physical Labora- 


tory, Johns Hopkins University, Jan- 
чагу 11, 1907, Mr. Charles E. Phelps, 
Jr., chief engineer of the Electrical 
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Commission of Baltimore City, read a 
paper on '' Underground Transmission 
and Distribution of Electrical Energy.” 
The author's introduction will indicate 


the scope of the paper: 


“ [t must first be appreciated that the 
title of this paper introduces a broader 
field in electrical operations than can 
be fully covered in a single evening, but 
that the subject has purposely been 
made broad in order that a varied 
assortment of 1mportant details may be 
considered, affecting the successful 
operation of underground transmission 
and distribution of electricity.” 

The paper then followed the history 
of conduit construction and under- 
ground cable development, pointing 
out the relative influence of legislation 
to overcome the nuisance of overhead 
wires, and the desire of station managers 
to secure a more permanent and stable 
system of distribution; finally, the 
necessity brought about by the advent 
of 11,000 and 13,000-volt transmissions 
in cities. 

The conduit system was treated at 
some length and the elements deter- 
mining the design of a system were ana- 
lyzed. The importance of manholes 
of suitable size and form was empha- 
sized. The distinction between trunk 
and distributing conduits was defined; 
the problem of guarding against the 
accumulation of gas and consequent 
explosion was discussed. The various 
methois of reaching the customer from 
the conduit were described. 

Samples of many classes of cable 
were displayed, and the manner of 
installation shown. The necessity 
of careful arrangement of cables in 
manholes and their protection was 
dwelt upon. 

The relations of the purchaser and 
the cable manufacturer and contractor 
were discussed. Cable appurtenances, 
such as feeder and main junction-boxes, 
service and connection-boxes of vari- 
ous types were described and shown. 

The method of guarding against 


1907.] 


the electrolysis of the lead cable 
sheaths was gone into at length. 

The discussion, after the reading 
of the paper, brought out the fact 
that the high percentage of defects 
in 1903 was due to the aggravated 
condition of the street railway return 
system, which was corrected in the 
latter part of the year; and in 1904 and 
1905, due to the great amount of work 
attending the changes of streets and 
re-location of conduits following the 
fire of February 1904. 

The paper was illustrated with lan- 
tern slides, showing overhead wire 
conditions before and after the wires 
were placed underground in Baltimore. 
Details of conduit and manhole con- 
struction, including some special de- 
vices for crossing the several streets 


within the city, cables and cable 
appurtenances. 
{An abstract of the ‘‘ faults ’’ com. 


mented on in this paper will be printed 
in a future issue of the PROCEEDINGS. 
—Enp1rTor]. 


Boston. 


A meeting of the Boston Branch 
of the American Institute of Electrical 
Engineers was held in the Lowell 
Building, Massachusetts Institute of 
Technology, on Wednesday evening, 
December 19, Professor Clifford pre- 
siding. One hundred and fifty-eight 
members and visitors were present. 

The paper of the evening was given 
by Walter V. Turner, Mechanical 
Engineer of the Westinghouse Air 
Brake Company, on “ The Develop- 
ment of the Air Brake for Steam and 
Electric Traction Service." Mr. Turner 
traced the development of the air 
brake from its earliest form to the 
most improved electropneumatic type 
in use at the present time, showing it 
to be one of the most important feat- 
ures of heavy electric traction, and that 
its development has kept pace with 
the increase in weight and speed of 
equipment. During the discussion 
which followed the reading of the paper, 
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Mr. Turner made the following ex- 
temporaneous remarks: 


When a person gets into the air- 
brake subject, dealing with it from 
both the steam and electric points of 
view, he finds it a large proposition; in 
fact, the electric end itself covers 
too much ground for one evening. I 
have quite a long paper and will have 
to cut out some of it. There is 
none of it from my point of view that 
I can dispense with without leaving out 
considerable that is of interest. Рег- 
haps next to Christianity, the press, 
and the locomotive, the air brake has 
done more to develop America than any 
other one thing. I know that most of 
you will look upon that as a tall state- 
ment, as we sometimes say, but the 
intercourse between people depends 
absolutely upon the ability to control 
the medium of interchange. Very 
few here, perhaps, have studied the 
subject sufficiently to realize that 
the brake under a single car is much 
more powerful than the locomotive 
that pulls the train. I am speaking 
now of steam roads. Few realize 
that it takes a locomotive five minutes, 
perhaps ten minutes and a distance of 


.many miles, six or seven miles, before 


it attains a speed of sixty miles an hour. 
What would you think if it took a 
brake that length of time and dis- 
tance to stop a train? What it 
takes a locomotive ten minutes and per- 
haps six miles to accomplish, the brake 
must do in twenty seconds. We areable 
to stop a train to-day from a speed of 
sixty miles per hour in twenty seconds of 
time. To build a locomotive that would 
accelerate a train in the time and 
distance that the brake stops it, would 
be impossible; the locomotive itself 
would have to be twice as heavy as 
the train in order toacceleratethe train 
as rapidly as the brakeretardsit. That 
is not allowing anything at all for the 
power required to move the engine, so 
that it resolves itself intoa physical im- 
possibility, so far as the steam locomo- 
tiveis concerned. 


12 PROCEEDINGS OF A.I. E. E. 


What an electric locomotive wil 
dois another proposition. But we have 
every reason to believe that the 
electric locomotive will be able to 
accelerate a train and get it going 
at sixty miles per hour in certainly 
not more than a minute and a half, 
and probably not more than one min- 
ute's time. That means that the 
brake is going to be more important 
in the future than it has been in the 
past. In proportion as you accelerate, 
you must perforce be prepared to de- 
celerate. Your ability to accelerate 
or even to run at high speeds must be 
measured by your ability to decelerate. 
I merely mention these things to show 
you the great importance of the air 
brake. The subject is branching out. 
It has become a problem for the electric- 
al engineer to consider, and a very 
serious one, as it was with steam engi- 
neers in the years gone by; and it is 
for that reason that I take great pleas- 
ure in meeting so many here to-night 
and to show you the problems involved 
in building brakes for the service of 
to-day, and I hope I may be able to 
make clear to you the advancement or 
development of the air brake since 
electric traction became so prominent. 


I may say that one of the causes of the 


development of the air brake has been 
the electric development. We tried 
to adapt the regular steam-road brake 
to electric service, but with very indif- 
ferent success. We quickly found that 
we were dealing with an altogether 
different set of factors, and for that 
reason many things were needed. A 
few years асо we started out to sce 
what could be done in the development 
of the electric brake, and found it had 
about as many possibilities to it as 
the electric science itself. 

With the automatic brake on con- 
nected cars, irrespective of whether 
the car has an air compressor on it or 
not, a pipe runs through the train 
which is charged with air and is in 
communication with a triple-valve un- 
der the car. Consequently, if anything 
ruptures the pipe, the auxiliary reser- 
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voir acts upon the piston of the triple- 
valve, which moves it over, carrying 
with it the slide-valve, which in turn 
registers in ports communicating with 
the atmosphere, and the pressure of 
this auxiliary reservoir applies the 
brake. Thatis all there is to the auto- 
matic brake as far as its automatic 
feature is concerned. 

I want to call attention to the es- 
sential difference between the straight 
air and automatic brakes. No doubt 
you are all familiar with that part of 
it, but to make sure that we all under- 
stand it from the same point of view, 
I will say that with straight air the one 
chief defect was that if you should 
couple more than two cars together in 
operation, and those cars should break 
apart, which is by no means uncommon, 
the brake would be entirely lost on 
both cars. It would release if it was 
applied, and it could not be applied if 
it released, so that it becomes obvious 
that as a brake, the straight air was not 
satisfactory for more than one vehicle, 
and, in my opinion, not very satis- 
factory for that. 

I might mention that in all traction 
service there are two pieces of hose 
employed, one of them being the brake- 
pipe in operation all the time and in 
communication with the triple-valve. 
The other one runs through the train 
so that the air from the different com- 
pressors may be brought up to the car 
used as an operating car, and assists in 
replenishing the system and also in 
releasing the brakes. 


The regular monthly meeting of the 
Boston Branch of the American In- 
stitute of Electrical Engineers was 
held on Wednesday evening, January 
9th, in the Lowell Building of the Mass- 
achusetts Institute of Technology, Pro- 
fessor Clifford presiding. Dr. Charles 
E. Lucke, consulting engineer of the 
De La Vergne Machine Company, gave 
a paper on “The Regulation of Gas 
Engines," a subject of considerable 
importance at the present time in 
view of the increasing use of such en- 
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gines in electric lighting plants. Dr. 
Lucke discussed the development of 
regulation as applied to steam engines, 
giving a critical resume of the most 
important published articles treating 
of the subject, many of which were 
originally printed in the TRANSACTIONS 
of the American Institute of Electrical 
Engineers. This was followed by a com- 
parison of the corresponding problems 
as they occur in gas-engine regulation. 

Dr. Lucke particularly emphasized 
the importance of studying the load 
conditions actually occurring in commer- 
cial use rather than attempting a sol- 
ution for a fictitious absolutely con- 
stant load, considered equal to its mean 
value. He showed that the variations 
in the load are just as important in 
their effect on regulation as the varia- 
tions in speed due to the engine itself, 
and that a mechanical governor can 
never give perfect regulation until 
some modification is developed which 
will prevent cyclic interference. The 
study of the relation of the resultant 
of the effort and load curves on the 
speed curve was shown to be a very 
powerful method of attack, and in Dr. 
Lucke's opinion the one best worth 
attention at the present time. 

The paper was followed by an animat- 
ed discussion contributed to by various 
representatives of the turbine and 
automobile interests. The attendance 
was one-hundred and seventy-five. 

At the next meeting of the Branch 
on February 20, Farley Osgood, gen- 
eral manager of the New Milford 
Power Plant, will give a paper on power- 
plant operation. 


CHICAGO. 

At a recent meeting of this, Branch 
the following officers were elected to 
serve for the Institute year 1906-7: 
P. B. Woodworth, Chairman; H. R. 
King, Secretary; P. B. Woodworth, L. 
A. Ferguson, K. B. Miller, F. E. Wood- 
mansee, J. G. Wray, H. R. King, Ex- 
ecutive Committee. 


CINCINNATI. 
A meeting of this Branch was held 
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on Wednesday, December 12, at the 
Hotel Havlin. The meeting was pre- 
ceded by a banquet at which forty mem- 
bers and guests were present. The din- 
ner was followed by a paper on ''Steam 
Turbine Losses,” presented by Mr. Hans 
Holzwarth, chief engineer of the Hooven- 
Owens-Rentschler Co. Ten additional 
members were present while the paper 
was read. The next meeting will be held 
about the middle of January, the sub- 
ject being '' Wireless Telegraphy," by 
Professor J. E. Ives of the Cincinnati 
University. 
CORNELL UNIVERSITY. 

As was briefly noted in the December 
Proceepincs, Mr. С. A. Wardlaw of 
the Institute, on December 7 read an 
original paper on '' Literary Engineer- 
ing." Although this meeting occurred 
on the same day as the tragic fire at the 
Chi Psi fraternity house, one hundred 
and fiiteen members and visitors were 
present to listen to the lecture. 
The evening was also one of the 
stormiest of the winter. It was agreed 
that the topic presented by Mr. Ward- 
law was a most important one, and his 
method of presenting the subject with 
numerous illustrations was very effect- 
ive. The entertainment committee had 
planned a reception to Mr. Wardlaw, to ` 
follow the meeting, but on account of 
the sadness pervading the city this was 
abandoned. 

Two meetings of the Branch were 
held in January, one on the 4th and the 
other on the 17th. The attendance at 
the first meeting was light, as it oc- 
curred just at the close of the Christmas 
vacation. However, the paper by Mr. 
R. P. Jackson aroused considerable in- 
terest and it was discussed by a number 
of local members who had information 
to contribute. Mr. R.- Rankin con- 
tributed materially to the discussion. 
Mr. S. R. Dodds of the local Branch had 
attended the New York meeting and 
gave his impression of the same. 

The meeting of January 17, at which 
Dr. C. H. Sharp presented his interesting 
paper on recent types of incandescent 
lamps, was attended by one hundred and 
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ninety me.nbers and visitors. Dr. Sharp 
gave a demonstration of the relative per- 
formance of different types of lamps, 
including the new series General Electric 
lamp which was not shown at 
New York. After the lecture an in- 
formal reception was tendered Dr. 
Sharp, and music and refreshments con- 
tributed to the enjoyment of the even- 
ing. Dr. Sharp’s lecture aroused great 
interest, as was manifested by the at- 
tendance, which was noteworthy in view 
of a number of counter attractions oc- 
curring on the same evening. 

The social side of the local Branch 
work is receiving more attention this 
year than last, with excellent results. 
The expenses of the entertainment are 
borne by a small local assessment, and 
the burden of entertainment is distrib- 
uted by appointing different entertain- 
ment committees for the several meet- 
ings. There are now one hundred and 
three members of the Branch and the 
number is increasing steadily. 


UNIVERSITY OF ILLINOIS. 


Fifty-six members and students at- 
tended a meeting of this Branch, held 
in the Physics Lecture Room of the 
University of Illinois, on January 9, 
1907. Professor Charles T. Knipp pre- 
sented an abstract of the paper on the 
" Helium Lamp " read before a recent 
meeting of the American Association 
for the Advancement of Science, by 
Professor Herschel С. Parker of Colum- 
bia University. The Institute paper en- 
titled '" Recent Investigations of 
Lightning Protective Apparatus” was 
abstracted by F. G. Wilson, and then 
discussed by Messrs. M. K. Akers and 
Morgan Brooks. 

Professor Knipp presented a 
paper entitled ‘ Temperature in the 
Mercury Arc," This paper was read by 
Professor Knipp at the joint meeting of 
the American Physical Society, and the 
American Association for the Advance- 
ment of Science. The paper was illus- 
trated with slides, and after the meeting 
the apparatus was demonstrated in 
Professor Knipp's private laboratory. 


also 
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LEHIGH UNIVERSITY. 

The Electrical Engineering Society 
and the Institute Branch at Lehigh 
University have already held four of the 
eight interesting meetings planned for 
the season 1906-1907. The date on 
which each meeting was held, and the 
program of the evening, is shown by 
the following: 

October 12—Opening Night 
Opening Address, A. W. Lawson. 
McCan Ferry Power Co., John W. 

Beyer. 
Three-rail System, J. I. Porter. 
Address, Professor Wm. Estv. 
November 12 

ilectrolytic Refining of Copper, G. К. 
Кес]. 

Interpole Motor, А. В. Grubmeyer. 

Some Relations of the Engineer to 
Finance, Clarence E. Clewell. 

December 11 

Geneva, Waterloo, Seneca Falls, and 
Cayuga Lake Power Co., R. J. Green. 

Development of Water Power on the 
Pacific Slope, E. S. Foster. 

Notes on Recent Developments in 
Electric Manufacture, Professor Wm. 
Esty. 

January 8 

Some Points about the Westport Gen- 
erating Station, Wm. De Baufre. 

Uses of Electricity in Metallurgy, G. 
K. Herzog. 

The program for the rest of the sea- 
son is as follows: 

Special speakers: W. S. Murrav, L. U. 
'95, electrical engineer, New York. New 
Haven ani Hartford Railroad; Frank 
W.Glading, L. U. '04,. electrical engi- 
neer, Westinghouse Electrice and Manu- 
facturing Company; F. N. Hibbits, 
Superintendent Motive Power, Leh gh 
Valley Railroad ; C. F. Scott, consult- 
ing electrical enzineer, Westinghouse 
Electric and Manufacturing Company. 

February 11 

Electrical Equipment of the Saint 
Clair Coal Company, А. W. Lawson. 

Automatic Devices ina Modern Power 
Station, E. L. Wilson. 

Electric Locomotives, S. S. Seyfert. 
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March 12 

History of Electrical Science, M. T. 
Saldana. 

Baltimore and Ohio Electric System, 
F. T. Leilich. 

The Electric Arc, Professor W. S. 
Franklin. 

April 9 

Development of Electrical Plants in 
Cuba, A. A. Goytisolo. 

Homopolar Dynamos, Wm. W. Craw- 
ford. 

Wireless Telegraphy, E. E. Ross. 


May 21—Electrical Blowout 
Program to be issued later. 


Officers of the Branch, 1906-1907: 

Wm. Esty,, Advisor; Alfred W. Law- 
son, President; George M. Baker, Vice- 
president; Manuel T. Saldana, Secretary; 
George K. Herzog, Treasurer. 


UNIVERSITY OF MICHIGAN. 


At a recent meeting of this Branch, 
the following ofhcers were elected to 
serve during the Institute year, 1906-7: 

Kenneth Barry, President; B. Nagel- 
voort, Vice-president; W. K. Rhodes, 
Recording Secretary; C. J. Whipple, 
Corresponding Secretary and Treasurer. 


MINNESOTA. 


At a meeting of this Branch, held 
December 15, 1906, the Secretary read 
an invitation to the Branch to visit the 
steam power station of the Twin City 
Rapid Transit Company, on December 
29. Under the general subject of ‘* New 
Types of Lamps, Arc and Incandescent,”’ 
Messrs. A. E. Pierce and H. J. Gille, 
abstracted the recent Institute papers 
read at New York by Messrs. Steinmetz 
and Sharp. A. J. Marshall outlined the 
adaptability of various illuminants to 
various classes of work, and a number 
of the new types of lamps were shown 
in operation. 

On the afternoon of December 29, 
1906, the Minnesota Branch was the 
guest of the Twin City Rapid Transit 
Company at the 2400-kw. steam power 
station at Minneapolis. The entire 
plant was thrown open to inspection. 
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An illustrated description of the sta- 
tion, giving the principal dimensions 
and details regarding equipment, had 
been printed for the occasion, and was 
presented to the visitors. Messrs. E. H. 
Scofield, J. C. Vincent, W. D. Whitney, 
and Barry Dibble, acted for the com- 
pany in entertaining the guests. About 
fifty members and their friends were 
present. 

[The description referred to above 
will Ee printed in a future issue of the 
PROCEEDINGS.—EpITOoR!}. 


UNIVERSITY OF MISSOURI. 


At a meeting of this Branch, held 
January 4, 1907, the Institute papers on 
“ New Types of “Incandescent Lamps" 
were presented and discussed. 


PHILADELPHIA. 


On January 15, 1907, seventy mem- 
bers and guests of this Branch attended 
a meeting at the Engineers’ Club. W. 
A. Cohen presented a paper entitled 
“ The Magnetite Arc Lamp," showing 
the lamp in operation. Dr. Clayton H. 
Sharp presented his paper entitled 
"New Types of Incandescent Lamps.” 
Dr. Sharp illustrated his paper with 
lantern slides, and showed the lamps in 
practical operation. The following is a 
program of the meetings to be held by 
this Branch during the remainder of 
the Institute year, 1906-7: 

January 14, Illumination. 

February 11, Train Signaling for 
Electric Roads. A Bond-tcsting Car. 

March 11, Marine Applications of 
Electricity. 

April 8, Electrical Measurements. 

May 14, A New Method for Lighting 
Steam Railway Trains Electrically. 

June 10, Annual Meeting. 


PITTSBURG. 


On December 11, 1906, seventy-four 
members and guests of this Branch at- 
tended a meeting at the Carnegie Tech- 
nical Schools. Under the general sub- 
ject of '" New Incandescent Lamps,” Mr. 
R. B. Parker abstracted a paper read 
by Mr. F. W. Willcox before the Mich- 
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igan Electric Association at Grand 
Rapids, October 10, 1906. 

Mr. C. E. Stevens abstracted Mr. C. P. 
Steinmetz's paper on “Тһе Trans- 
formation of Electric Power into Light." 

Owing to bad weather, the attend- 
ance at the meeting on January 14, 
1907, was less than usual; but the dis- 
cussion was animated and considerable 
material presented that will be of value. 
Quite a number of prominent engineers 
were in attendance, and those taking 
part in the discussion were Messrs. P. M. 
Lincoln, S. P. Grace, K. C. Randall, 
S. M. Kintner, and R. P. Jackson. 

The good effects of the Branch dinner 
on December 15 were reflected by the 
application for a number of member- 
ship blanks. 

PiTTSFIELD. 


At a meeting of this Branch held at 
the Berkshire Auto Club, December 15, 
1906, it was voted that the Chairman 
appoint two other members to act with 
him as a committee on the proposed 
revision of the A.I.E.E. Constitution. 
Messrs. Gilbert Wright, C. F. Adams, 
and H. L. Smith constitute this com- 
mittee. The following papers were then 
abstracted and discussed: 

" Repulsion and Induction Motors," 
abstracted by Mr. H. L. Barnholdt. 

'" Comments on Present Underground 
Cable Practice," abstracted by Mr. C. M. 
james. 

Another meeting of this Branch was 
held January 3, 1907. Mr. C. T. Wilkin- 
son read a very interesting original 
paper entitled: “ Illustrated Lecture оп 
the 1906 European Trip of the A.I.E.E. 
with Special Reference to High-voltage, 
Direct-current Transmission." Mr. H. H. 
Barnes, Jr., resigned from his position 
on the Executive Committee because 
of his leaving town. Mr. H. L. Smith 
was elected to fill the vacancy. 


PURDUE UNIVERSITY. 

Two mectings have recently been held 
by this Branch, on December 4 and 18, 
1906, respectively. At the first meeting 
the general subject discussed was “ Re- 
cent Electric Railway Development.” 
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At the second meeting, Messrs. S. E. 
Brown, W. S. Small, and A. F. McKee 
presented papers on the general subject 
of ‘‘The Apprenticeship Course from the 
Student Standpoint.” 


ST. Louis. 


A meeting of this Branch was held 
December 12, 1906. The meeting took 
the form of a dinner at Lippe's res- 
taurant, thirty-two members and visi- 
tors being present. At the conclusion 
of the dinner, the meeting was 
called to order by Chairman A. H. 
Timmerman, who introduced Mr. 
Frank Gaiennie as the spcaker of the 
evening. Mr. Gaiennie read a paper 
describing the principal features of the 
new central exchange of the Kinloch 
Telephone Company. 

At the conclusion of the paper, the 
meeting adjourned for an inspection of 
the exchange, where the party was in- 
creased by nine more members. The 
inspection lasted until a late hour, Mr. 
Gaiennie very kindly explaining the 
details of the entire installation. 

Another meeting of the St. Louis 
Branch was held at the Engineers' Club, 
January 9, 1907. 

The Committee on Membership re- 
ported that no regular meeting had as 
yet been held. It was voted to appoint 
a Committee on Papers, said committee 
to be charged with the duty of securing 
papers to be presented at the meetings. 

A Nominating Committee, consisting 
of A. S. Langsdorf, chairman; C. R. 
Meston, and H. I. Finch, was elected 
to name a new Executive Committee. 

The subject of discussion was the 
central exchange of the Kinloch Tele- 
phone Company, visited by the mem- 
bers of the Branch on the occasion of the 
December meeting. 

The paper on ‘ Transformation of 
Electric Energy into Light," by Charles 
P. Steinmetz, was read in full. 


SCHENECTADY. 
At the meeting of the Schenectady 


Branch, held at the High School, Sat- 
urday evening, January 5, 1907, Pro- 
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fessor E. E. F. Creighton of Union Uni- 
versity and the General Electric Com- 
pany read in abstract and discussed a 
paper on “ Lightning Protection," re- 
cently presented before the Institute in 
New York. The author of the original 
paper was R. P. Jackson of the West- 
inghouse Electric and Manufacturing 
Company, and it described many dif- 
erent hghtning-arresters now іп use, 
with interesting tests made to deter- 
mine their relative efficiency. 

Professor Creighton is one of the au- 
thorities in this country on the protec- 
tion of electrical installations from the 
effects of atmospheric disturbances, and 
his audience listened with interest as he 
explained the technical details of the 
paper and described the different prac- 
tices of the two big electrical com- 
panies. 

Chairman D. B. Rushmore, who pre- 
sided, pointed out the vast importance 
of this subject. Several immense power 
developments are now being held in 
abeyance awaiting absolute assurance 
that the high-voltage transmission lines 
necessary for their successful operation 
can be satisfactorily protected from 
lightning, and the electrification of long 
distance railroad lines cannot be ef- 
fected until the problem is solved. 

In no other branch of electrical engi- 
neering is the investigator so closely in 
touch with the fundamental character 
and inherent nature of electricity, and 
in no other branch does expert opinion 
appear to differ so widely. From 
either the commercial or scientific side, 
therefore, the invitation to the young 
engineer to enter this field is most en- 
ticing. 

A number of men familiar with the 
subject participated in the discussion, 
among them being Messrs. Du Bois, 
Merriam, Goodwin, Loiseaux, Worces- 
ter, and Eichel, bringing out different 
phases of the practical design and op- 
eration of various types of apparatus. 

At the meeting of the Schenectady 
Branch, American Institute of Electric- 
al Engineers, on Saturday evening, 
January 12, Ernst J. Berg, of the 
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General Electric Company, read a 
very instructive paper on ‘ Some 
Features of Parallel Operation of 
Alternating-Current Generators." G. 
W. Cravens, who acted as chairman, 
made some interesting announcements 
regarding the work of the Branch, and 
introduced the speaker. The meeting 
was held at the High School,as usual, and 
over three hundred members listened 
attentively as the speaker explained 
many original formule for the theoret- 
ical determination of the proper method 
of designing and operating alternating- 
current machines. 

Mr. Berg confined himself largely to 
a discussion of the formula involved as 
being more useful for the substitution 
of actual numerical values and illus- 
trated by examples, but also gave in 
his explanations a few diagrams which 
facilitated the understanding of the 
principles. A number of the members 
who participated in the discussion 
following the reading of the paper, gave 
accounts of their experience in this 
line of work, and highly complimented 
Mr. Berg’s investigation of the subject. 
Among those who spoke were A. A. 
Tirrill, E. B. Merriam, and C. T. Wilkin- 
son. 

At next Saturday's meeting a topical 
discussion will be held on “ Industrial 
Betterment,” after a few short papers 
on the subject have been presented. 
A good opportunity will be given by 
this subject to compete for a trip to 
New York to attend the mecting on 
“ Heavy Electric Traction," to be held 
towards the end of the month. 


SEATTLE 


Fourteen members and visitors 
attended a meeting of this Branch on 
December 11, 1906. The Chairman of 
the committee on revision of the A.I.E.E. 
Constitution reported progress, and 
expects to make a detailed report at 
the next regular meeting. An original 
paper entitled '' Electricity in U. S. 
Navy Yard" was then read by Mr. 
Cyrus A. Whipple of the Bremerton 
Navy Yard. 
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UNIVERSITY OF WISCONSIN. > 


Twenty-five members and visitors 
attended a meeting of this Branch held 
in the Doherty Club Rooms December 
20, 1906. <An original paper entitled 
"High-Tension Outlets” by Alvin Meyer, 
of Provo, Utah, was read by Professor 
Dugald C. Jackson. The [Institute 
papers on ‘The Transformation of 
Electric Power. into Light '" and " New 
Types of Incandescent Lamps '' were 
then abstracted and discussed. 

[Mr. Meyer's paper will be printed 
in a future issue of the PROCEEDINGS. 
—E piToRr.] 


WORCESTER POLYTECHNIC INSTITUTE. 


A meeting of this Branch was held 
on December 10, 1906. Pres. A. P. 
Chapman called the meeting to order 
and introduced the speaker for the even- 
ing, Mr. Bruce E. Loomis of the Fire 
Underwriters’ Bureau of New York City, 
who spoke on the subject, '' Electrical 
Hazards апі Fire Insurance Inspection." 

Mr. Loomis began by giving a brief 
history of fire insurance and then 
confined himself to electrical appliances 
as fire hazards. He spoke very highly 
of the Fire Underwriters' Laboratory 
in Chicago, and explained why it had 
proved to be of so great value to the 
insurance companies. In regard to 
inspection, great stress was placed on 
the extreme caution which is necessary 
to exercise in guarding against the 
negligence of operators. Mr. Loomis 
spoke very favorably of the automatic- 
sprinkler system but placed little faith 
in dry-powdcr extinguishers. 

After Mr. Loomis's address, Prof. 
Harold B. Smith, gave an illustrated 
talk on his trip through California and 
the Yosemite Valley. 

The regular meeting of the Branch 
was held Monday evening, January 14, 
1907, in the Lecture Room, Salisbury 
Laboratories. Mr. Alton. D. Adams, 
Member of A.LE.E. addressed the 
meeting on the subject, “ Legislative 
Re ulation of Rates." Mr. A. P. Chap- 
man, President of the Branch, was the 
presiding officer. 


(Jan. 


Mr. Adams took a general view of 
his subject, giving instances of the early 
regulation of rates in England as far 
back as the seventeenth century. He 
discussed the conditions which have 
caused the recent agitation of the 
question in this country. He laid 
great stress on the doctrines of Justice 
Harlan, that a corporation has the right 
to expect a reasonable return on the 
valuation of its property devoted to 
public service. He said that the rate 
should not only be reasonable but that 
it should also be indiscriminate. 

Professor H. B. Smith raised the ques- 
tion as to whether there might not be in 
some cases, especially in the sale of 
electrical energy, a legitimate dif- 
ference of rates. Mr. Adams readily 
agreed with Professor Smith and said 
that if a company could show that it 
cost them more to furnish power to a 
small consumer than to a large one, 
due to the amount of energy in question, 
then the company would have the 
right to expect a higher rate in the 
first case. 


Minutes of Meeting of the 
Institute 


Meeting of the American Institute 
of Electrical Engineers, held in the 
Assembly Room, New York Edison 
Company, 44 West Twenty-seventh St., 
New York, Friday, December 28, 1906. 
President Sheldon called the meeting 
to order at 8:30 o'clock. 

The Secretary announced that at the 
meeting of the Board of Directors held 
during the afternoon there were seventy- 
seven Associates elected, as follows: 


ADAMS, ROBERT WINTHROP, Electrical 
Engineer, D. & W. Fuse Co., 156 
Melrose St., Providence, R. I. 


Apes, Lewis Henry, Testing Labor- 
atory, Chicago Edison Co.; res., 
6401 Yale Ave., Chicago, Ill. 


ALLARD, ARTHUR, Assistant Engineer 
Mexican Light and Power Co., Juan 
Carbonero 48, Mexico City, D. F. 
Mexico. 
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ALLEN, ARTHUR ELLIOTT, Assistant 
Foreman, Meter Test Department, 
Westinghouse Electric and Mfg. Co. 
Newark, N. J. 


ALVORD, RAYMOND MARTIN, Sales- 
man, General Electric Co.; res., 
2314 Channing Way, Berkeley, Cal. 


BARBER, Ira WILSON, Superintendent 
Electric Light and Power Plant, 
Municipal Light and Power Plant, 
Mount Airy, N. C. 


Baver, WALTER HENRY, Salesman, 
Ft. Wayne Electric Works, 403 
Atlas Bldg., San Francisco, Cal. 


BLALOCK, IRA ALLEN, Chief Electri- 
cian Florida East Coast Railway 
Co., St. Augustine, Fla. 


Brown, EpwARD CLAUDE, Inspector, 
Electric Department, №. Y. C. & 
Н. R. R R.; res., 206 E. 58th St., 
New York City. | 


Brown, Harry ARTHUR, Assistant 
Development Engineer, Central Dis- 
trict and Printing Telegraph Co., 
Pittsburg, Pa. 


Browne, Rosert Lewis, Experimen- 
ter, Cooper Hewitt Electric Со.; 
res., 169 W. 915% St., New York 
City. 

BUCHANAN, JOHN LEE, Electrical En- 
gineer, General Electric Co., Schen- 
ectady, N. Y. 

BUECHNER, CarL Aucvusr, Student, 
Polytechnic Institute of Brooklyn; 
res., 225 83d St., Brooklyn, N. Y: 


BURNHAM, ЈоѕЕРН Lrovp, Designing 
Engineer, General Electric Со. ; res., 
29 Chestnut St., Schenectad y, N. Y. 


BuxToN, RAYMOND ELMER, Produc- 
tion Clerk, Stanley G. I. Electric 
Mfg. Co., Pittsfield, Mass. 


CARLE, NATHANIEL ALLEN, Engineer 
and Construction Superintendent, 
Westinghouse, Church, Kerr & Co., 
606 Mercantile Bldg., Denver, Colo. 

COGGESHALL, ROBERT FARRINGTON, 
Commercial Staff, Stanley G. I. 


Electric Mfg. Co., res.; 44 Pomeroy 
Ave., Pittsfield, Mass. 


Coxe, JAMES LEVERN, Assistant Fore- 
man, Westinghouse Electric and 
Mfg. Co., Newark, N. J. 


СвоѕѕЕ, SHIRLEY Rossins, Assistant 
in Electrical Engineering, Harvard 
University; res., 25 Ware St., Cam- 
bridge, Mass. 


Davis, FREDERICK REYNOLDs, Ad- 
vertising Department, General Elec- 
tric Co.; res., 1208 State St., Schen- 
ectady, N. Y. : 


Dav, MaxweLL W., Assistant Engi- 
neer Power and Mining Depart- 
ment, G neral Electric Co.; res., 26 
Rugby Road, Schenectady, N. Y. 


DENTON, ALPHEUS Penn, Special Em- 
ployee, Testing Department, Gen- 
eral Electric Co.; res., 841 Union 
St., Schenectady, N. Y. 


DEPPELER, JOHN How АЕР, Inspector, 
N. Ү.С. &H. R. RR ;res,, 12 N. 
16th St., East Orange, N. J. 


EBERHARDT, OTTO IMMANUEL, De- 
signer, Crocker-Whceler Co., Am- 
pere; res., 183 N. 16th St., East 
Orange, N. J. 


EMERSON, HENRY BENNETT, Engi- 
neer, General Electric Co.; res., 216 
Parkwood Blvd., Schenectady, 
N. Y. 


Foster, Marcus Lucvuzas, Jr., En- 
gineer Apprentice, Westinghouse 
Electric and Mfg. Co.; res., 403 
Gray Bldg., Wilkinsburg, Pa. 


Fry, AucusT J., Construction man, 
Arnold Co., 181 La Salle St.; res., 
182 Oak St., Chicago, Ill. 


FusskELL, Lewis, Assistant in Elec- 
trical Engineering, University of 
Wisconsin; res., 202 Park St., Mad- 
ison, Wis. 

Goucu, Care Вовевт, Editorial Staff, 
Street Railway Journal, 1139 Mo- 
nadnock Bldg.; res., 390 E. 66th 
St., Chicago, Ill. 


HaMBLIN, Merton Ocitva, Repair- 
man, Commonwealth Power Co., 
620 Grace St., Kalamazoo, Mich. 


19 


20 PROCEEDINGS ОЕ A.I.E.E 


HanTRATH, ARMIN, Editor, Electrical 
Record, Buyers’ Reference Co., 123 
Liberty St.; res., 23 W. 12th St., 
New York City. 


HawkINs, ELBERT ALLEN, Telephone 
Engineer, Western Electric Co., 463 
West St., New York City. 


HENSHAW, ARTHUR WILLISTON, Man- 
ager Motor Department, Stanley 
G. I. Electric Mfg. Co.; res., 30 
Wendell Ave., Pittsfield, Mass. 


HunrBvuT, Henry S. G., Engineering 
Apprentice, Westinghouse Electric 
and Mfg. Co.; res., 1202 Franklin 
St., Wilkinsburg, Pa. 


JOHNSTON, ANDREW LANGSTAFF, JR., 
Testing Department General Elec- 
tric Co., Schenectady, N. Y. 


KIMBALL, EpwiN Еллотт, Railway 
Engineering Department, General 
Electric Co.; res., 108 Park Place, 
Schenectady, N. Y. 


KOUWENHOVEN, "WILLIAM BENNETT, 
Assistant in Phvsics, Polytechnic 
Institute; res., 8 Kouwenhoven PL., 
Brooklvn, N. Y. 


LEE, CAZENOVE GARDNER, JR., Stu- 
dent, Cornell University; res., 14 
Central Ave., Ithaca, N. Y. 


LESLIE, EDWARD ANDREW, Student 
Polytechnic Institute; res. 262 
Hancock St., Brooklyn, N. Y. 


LvrcH, EpMonp SHAw, Electrician, 
Prairie Pebble Phosphate Co., Mul- 
berry, Fla. 


McCaANDLESS, WiLsoN, Treasurer, 
United Electric Construction Co., 
1714 Sansom St., Philadelphia; 


res., 2051 N. 63d St., Overbrook, Pa. 


MENTZ, Henry Arvaw, Electrical 
Engineers’ Office, B. & О. RR., 
Central Bldg., Baltimore, Md. 


MILLAR, Lesti—e Warkzn, Inspector, 
Edison Electric Illuminating Co., 
516 Atlantic Ave., Boston; res., 43 
Clyde St., Newtonville, Mass. 


MITCHELL, Guy K., Consolidated Gas 
Electric Light and Power Co., N. W. 
Lexington and Liberty Sts.; res., 
1046 Argyle St., Baltimore, Md. 


MoRGAN, WILLIAM DuNCAN NICOLL, 
Chief Engineer, Scottish Central 
Electric Power Co. and Lothians 
Electric Power Co., 34 North Bridge 
Edinburgh, Scotland. 


MunPHy, JAMEs Epwanp, Brooklyn 
Rapid Transit Co.; res., 8414 Fort 
Hamilton Ave., Brooklyn, N. Y. 


NIELSON, JULIAN ЈАСОВ, Draughts- 
man, J. L. Schureman Co.; res., 649 
Irving Park Blvd., Chicago, Ill. 


OGDEN, Kanr RANDALL, Field Engi- 
ncer, Central District and Printing 
Telegraph Co., Pittsburg, Pa. 


PALMER, ALBERT NICKERSON, Elec- 
trical Engineer, Phillips Insulated 
Wire Co., Pawtucket, R. I. 


PATTON, WILLIAM FEARN, Jr., Engi- 
neering Apprentice, Westinghouse 
Electric and Mfg. Co.; res., 403 Gray 
Bldg., Wilkinsburg, Pa. 


PETERSEN, PETER Conrau, 19 John 
St., Muskegon, Mich. 


Post, ARTHUR Woop, Student, Brook- 
lyn Polytechnic Institute, Brooklyn 
res., Westbury, L. I., N. Y. 


POWELL, PERCIVAL HERBERT, Lec- 
turer and Demonstrator in Elec- 
trical Engineering, School of Engi- 
necring, Canterbury College, Christ- 
church, N. Z. 


Рвоор, OweEN E., Electrician, Phila- 
delphia Terminal, Pennsylvania 
К К. Co., 1518 Filbert St.; res., 
1152 N. 62d St., Philadelphia, Pa. 


PUTNAM, WILLIAM ALGER, Chief En- 
gineer, City Electric Light and 
Power Co., Tallahassee, Fla. 


RoppEv, Joun Harvey, Assistant 
Engineering Department, Southern 
Power Co., Charlotte, N. C. 


Rose, GEORGE STANTON, General 
Electric Co.; res., 841 Union St., 
Schenectady, N. Y. 


Јап. 
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Rusu, FLETCHER Gray, Electrical 
Inspector, South Eastern Tariff 
Association, 1010 First National 
Bank Bldg., Birmingham, Ala. 


SANBORN, ARTHUR Roscoe, Expert 
Electrical Aid, Office of Superin- 
tending Naval Constructor, William 
Cramp and Sons, Philadelphia, Pa. 


SHEAR, VERNE WARREN, Tester. 
Westinghouse Electric and Mfg. Co. 
res., 1128 Franklin Ave., Wilkins- 
burg, Pa. 


SHEPARD, LYMAN, Superintendent, 
Electric Light and Water Works, 
Edenton, N. C. 


SLOANE, WILLIAM WoobaARD, Drafts- 
man, Western Electric Co.; res., 
1330 Washington Blvd., Chicago, 
II. 


SMITH, ARTHUR R., Electrical Engi- 
neer, General Electric Co.; res., 621 
Terrace PL, Schenectady, N. Y. 


SMITH, DANIEL SANFORD, Electrical 
Engineer, General Electric Co., 44 
Broad St., New York City; res., 270 
Hewes St., Brooklyn, N. Y. 


SMITH, ELLIS Burton, Assistant Fac- 
tory Engineer, Western Electric 
Co., 463 West St., New York City; 
res., 82 North 15th St., Newark, 
N. J. 


SPENCER, EUGENE JACCARD, Consult- 
ing Enzineer, 400 Merchants’ 
Laclede Bldg., St. Louis Mo. 

STENGER, LAURENCE A., Engineering 
Staff, Twin City Rapid Transit Co.; 
res., 1613 4th St. S. E., Minneapo- 
lis, Minn. 

TAGGART, RALPH Cong, Associate En- 
gineer, Wm. J. Baldwin; res., 311 
W. 95th St., New York City. 

UPTEGRAFF, WALTER DENNY, Second 
Vice-President and Treasurer, 
Nernst Lamp Co., Westinghouse 
Bldg., Pittsburg, Pa. 

URBAN, Henry, Engineer, Societe 
Generale de Chemins de Fer Eco- 
nomiques, 22 Rue Gachard, Brus- 
sels. Belgium. 


NOTES AND COMMENTS. 21 


VAN VALKENBURG, Asa T., Erecting 
Engineer, Westinghouse Machine 
Co., 171 La Salle. St., Chicago, Ill. 


voN DANNENBERG, CARL OTTO, As- 
sistant Electrical Engineer, Elec- 
trical Engineering Department, Co- 
lumbia University, New’ York; res., 
22 Townsend Ave., Stapleton, N. Y. 


WAGNER, WALTER CALVIN, Instructor 
and Student, University of Wash- 
ington; res. 6000 Corliss Ave., 
Seattle, Wash. 


WHARFF, EpwWARD MANSFIELD, Ap- 
prentice, Rochester, Syracuse and 
Eastern R R.; res, 15 High St., 
Newark, N. Y. 


Wiman, Louis Erastus, Engineering 
Department, General Electric Co.; 
res., 1 State St., Schenectady, N. Y. 


Woop, Howarp Joun, Chief Drafts- 
man, Oftice Electrical Engineer B. 
& O. RR. Co., Baltimore and 
Charles Sts.; res., 1725 N. Monroe 
St., Baltimore, Md. 


WRIGHT, EDWARD ALBIN, Student, 
Cornell University; res., 58 Thurs- 
ton Ave., Ithaca, МҮ. 


Total, 77. 


The Secretary announced further that 
the Institute membership is invited 
to attend the monthly meeting of 
the American Society of Mechanical 
Engineers, to be held in the Engineers’ 
Building, 33 West 39th Street, on Jan- 
чагу 8th. Frederick P. Fish, Esq., 
president of the American Telephone & 
Telegraph Company, will address the 
meeting on the subject of ‘ The Ethics 
of Trade Secrets in Relation to the 
Patent System.” | 

PRESIDENT SHELDON: I should like to 
bespeak the assistance of the members 
present towards the efforts which are 
being made by the Committee for the 
Increase of Membership, Mr. Thomas, 
chairman. Through the efforts of this 
committee, 77 new Associates were 
elected to-day, and there are 150 ap- 
plications in the office going through 
the process of posting and making ready 
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for election. The Institute is a body 
representative of the electrical engineer- 
ing profession; such is its position, but it 
cannot be so in fact unless its mem- 
bership and enrolment is representative 
of the profession at large. There is a 
large number of eligible non-members, 
and I would ask your assistance in per- 
suading some of these, consistent with 
your dignity and the dignity of the 
Institute, to join our ranks. 


Institute Meetings 


The following schedule has been pre- 
pared by the Committee on Papers 
subject to possible change due to un- 
foreseen contingencies: 


February Meeting, March 1, 1907. 
Alternating-Current Electrolysis, by 
J. LeR. Hayden. 


Electrolytic Corrosion of Iron and 
Stecl in Concrete, by A. A. Knudson. 


March Meeting, March 29, 1907. 
Lightning and Lightning Protection, 
by C. P. Steinmetz, E. E. F. Creighton, 
and D. B. Rushmore. 


April Meeting, April 26, 1907. 
Rowland Telegraphic System and its 
Apparatus, by Frank M. Potts. 


May Meeting, May 24, 1907. 
Turbo-Alternators, by B. A. Behrend. 
Zigzag Leakage of Induction Motors, 
by R. E. Helmund. 


Annual Convention: 
Some Power Transmission Econom- 


ics, by F. G. Baum. 

Notes on Transformer Testing, by 
H. W. Tobey. 

One-Phase, High-Tension 
Transmission, by E. J. Young. 


Power 


Ten Years of Niagara Power, by 
H. B. Alverson. 

Fractional Pitch Windings for Induc- 
tion Motors and Alternators, by C. 
A. Adams. 

Attitude of Technical Schools Toward 
the Profession of Electrical Engineer- 
ing, by H. H. Norris, and Valdemir 
Karapetoff. 


(Jan. 


Engineering Specifications, by C. W. 
Ricker. 

Vector Diagrams of One-Phase 
Commutating Motor, by W. I. Slich- 
ter. 


Meetings A.S.M.E. 


Future monthly meetings of the 
American Society of Mechanical Engi- 
neers will be held in the Auditorium of 
the Engineers’ Building, 29 West 
Thirty-ninth Street, New York City, 
as follows: 

February 12, Professor C. M. Allen. 
Professor of Experimental Engineering. 
Worcester Polytechnic Institute; Sub- 
ject: '" Gasolene," with special refer- 
ence to its use in the Automobile; 
illustrated by experiments. 

March 12, Address by John W. Lieb, 
Jr., Vice-president А. S. M. E., and 
Past-president A. I. E. E. Subject: 
“Vesuvius and Pompeii," illustrated 
by lantern slides. 

April 9, (This date may be changed.) 
Addresses by Brigadier-General Arthur- 
Murray, U. S. A. and Brigadier-Gener- 
al William Crozier, О. S. А. Subject: 
“The coast defences of the United 
States.” 

Members of the American Institute 
of Electrical Engineers will be welcome 
at any of these meetings. 


Applications for Election 


Applications have been received by 
the Secretary from the following can- 
didates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting 
to the election of any of these candi- 
dates should so inform the Secretary 
before March 1, 1907. 


5585 Charles Auth, Brooklyn, N. Y. 
5586 R. B. Benjamin, Chicago, Ill. 
5587 F. D. Burr, Canyon Ferry, Mont. 
5588 D. J. Butts, New York City. 
5589 Н. C. Buck, Chicago, Ill. 

5590 A. W. K. Billings, Havana, Cuba. 
5591 L. Carpenter, Colorado Spgs., Col. 
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5592 
5593 
5594 
5595 
5596 
5597 
5598 
5599 
5600 
5601 
5602 
5603 
5604 
5605 
5606 
5607 
5608 
5609 
5610 
5611 
5612 
5613 
50614 
5615 
5616 
5617 
5618 
5619 
5620 
5621 
5622 
5623 
5624 
5625 
5626 
5627 
5628 
5629 
5630 
5631 
5632 
5633 
5634 
5635 
5636 
5637 
5638 
5639 
5640 
5641 
5642 


Wm. C. Coles, Atlanta, Ga. 

T. V. d'Ornellas, Lima, Peru. 

L. P. Dickinson, Easton, Pa. 

W. T. Endicott, Boston, Mass. 
W. S. Gorsuch, Mt. Vernon, N. Y. 
Wm. H. Grover, Ames, Ia. 

Zack Hart, New York City. 

D. M. Horsford, Cleveland, O. 
G. C. Hall, New York City. 

C. G. Keyes, Hamilton, Ont. 

H. B. Kircher, Belleville, Ill. 

P. H. Kemble, Windsor Locks, Ct. 
А. C. Morse, Summit, N. J. 

J. Maibaum, New York City. 

A. S. MacDowell, Syracuse, N. Y. 
D. M. Mahaad, Brooklyn, N. Y. 
A. G. Potts, Philadelphia, Pa. 
W. J. Peaker, Sault Ste Marie, Ont. 
C. L. Riley, Plainfield, N. J. 
Frank K. Shuff, Ames, Ia. 

E. A. Skehan, Brooklyn, N. Y. 
W. S. Taussig, New York City. 
H. L. Waters, Pittsburg, Pa. 

P. F. Williams, Chicago, Ill. 

G. H. Fournier, Baltimore, Md. 
E. D. Fieux, Schenectady, N. Y. 
J. W. Welsh, Edgewood Park, Pa 
W m. N. Todd, Portland, Ore. 

R. R. Thomson, Detroit, Mich. 
A. B. Burk, Jr., Chicago, Ill. 

W. B. Creagmile, Norwood, Pa. 
H. A. Gilbert, Brooklyn, N. Y. 
E. M. Blake, Tucson, Ariz. 

E. G. Bigler, Chicago, Ill. 

J. H. Ballweg, Baker City, Ore. 
H. E. Borger, Dayton, O. 

G. E. Cruse, New York City. 

R. H. Garrison, Woodbury, N. J. 
Geo. Harlow, Timperley, Eng. 
M. J. Musser, Evanston, Ill. 

J. F. Martin, Pittsburg, Pa. 

P. Robinson, Berkeley, Cal. 

C. R. Tatem, Rochester, N. Y. 
C. H. Tower, Ithaca, N. Y. 

B. Lewis, Indianapolis, Ind. 

. Shute, Pittsburg, Pa. 

. Beardslee, Brooklyn, N. Y. 
Smith, Vancouver, B. C. 
Gordon, Atlanta, Ga. 
Garratt, Lynn, Mass. 


H. 

H. D 
R.W 
S. B. 
J. R. 
G. L. 
F. Miles, Gaylordsville, Conn. 


5643 W. M. C. Kimber, Philadelphia, Pa 
5644 J. H. Schumacher, Minneapolis. 
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5645 
5646 
5647 
5648 
5649 
5650 
5651 
5652 
5653 
5654 
5655 
5656 
5657 
5658 
5659 
5660 
5661 
5662 
5663 
5664 
5665 
5666 
5667 
5668 
5669 
5670 
5671 
5672 
5673 
5674 
5675 
5676 
5677 
5678 
5679 
5680 
5681 
5682 
5683 
5684 
5685 
5686 
5687 
5688 
5689 
5690 
5691 
5692 
5693 
5694 
5695 
5696 
5697 
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Fred. S. Cutting, Warren, R. I. 

M. C. Crawley, Orcutt, Cal. 

C. W. DeForest, Covington, Ky. 

W.C. F. Farnell, New York City. 

A. G. Jones, Schenectady, N. Y. 

Thos. F. Jack, Swissvale, Pa. 

J. C. Lincoln, Cleveland, O. 

E. C. Morse, Worcester, Mass. 

P. J.. Murphy, Memphis, Tenn. 

W. J. Moore, Mt. Vernon, N. Y. 

L. A. Riley, 2d, New York City. 

E. A. Thibodeaux,Donaldsville,La. 

E. L. Barber, St. Louis, Mo. 

Max Harris, Pittsburg, Pa. 

W. V. Read, Pittsburg, Pa. 

H. W. Bowen, Springfield, Mass. 
N. Jennison, Wilkinsburg, Pa. 

Selden, Washington, D. C. 

Trawick, New York City. 

Hewett, Schenectady, N. Y. 
H. McBride, Toronto, Ont. 

W. D. Reid, Boston, Mass. 

R. D. Thomas, Oakmont, Pa. 

J.C. McQuiston, Edgewood P’k, Pa. 

R. Beeuwkes, New York City. 

B. F. Buckner, Pittsburg, Pa. 

F. F. Rossman, St. Louis, Mo. 

D. W. Troy, New York City. 

A. J. Lowndes, Wolcott, Kan. 

David Koenig, New York City. 

W.S. Rodman, Kingston, R. I. 

L. Williams, Carboncar, N. F. 

J. G. Engel, Minneapolis, Minn. 

E. C. Myers, Springfield, Ill. 

H. W. Taylor, Rugby, Eng. 

E. R. Coe, Wilkinsburg, Pa. 

Wm. A. Clarke, Toledo. O. 

D. J. McCarthy, Wilkinsburg, Pa. 

C. B. Nickels, Toledo, O. 

K. W. Endres, Boston, Mass. 

T. F. Lee, London, Eng. 

C. A. Tripp, Indianapolis, Ind. 

W. H. Thomson, St. Paul, Minn. 

F. A. Westbrook, Brooklyn, N. Y. 

S. I. Oestenicher, Newark, N. J. 

B. E. Laciar, E. Orange, N. J. 

F. T. Craig, Temascaltepec, Mex. 

R. J. Shalders, Bahai B. Brazil, 

H.C. Schwecke, Schenectady, N.Y. 

C. H. Sanderson, Wilkinsburg, Pa. 

L. T. Arnold, St. Louis, Mo. 

F.W. Hersey, Loughborough, Eng. 

P. von Lehoczky, Pittsburg, Pa. 


E. 
G. K. 
S. W. 
J. R. 
A. 
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5698 F.P.McDermott, Jr., Wilkinsb'g, Pa 
5699 A. L. Ralston, Wilkinsburg, Ра. 
5700 Juan Tonkin, New York City. 
5701 G. W. Wilder, Chicago, Ill. 

5702 Wm. H. Crumb, Chicago, Ill. 
5703 J. N. Cadby, Albuquerque, N. M. 
5704 H. S. Gooding, Henry Clay, Del. 
5705 J. C. Guild, Chattanooga, Tenn. 
5706 H. J. Hunsicker, Albany, N. Y. 


5707 W.H. Kempton, Wilkinsburg, Pa. 
5708 W. V. Lyon, Boston, Mass. 

5709 H. B. Lane, Schenectady, N. Y. 
5710 A. O. Miller, New York City. 
5711 J. H. McLaren, Newport, Ky. 
5712 C. A. Mees, Charlotte, N.C. 

5713 C. H. McCarthy- Jones, Rugby, Eng. 
5714 N. L. Pollard, Elizabeth, N. J. 


5715 R. H. Pratt, Atlanta, Ga. 

5716 E. J. Summerhill, Newcastle-on- 
Tyne, England. 

5717 H. A. Stanley, Pittsfield, Mass. 

. 5718 О. W. Visscher, Philadelphia, Pa. 

5719 J. R. Wagner, New York City. 


Total, 135. 


Applications for Transfer 


Recommended for transfer by the 
Board of Examiners, Jan. 11, 1907. 


Any objection to these transfers should 
be filed at once with the Secretary. 


L. S. RANDOLPH, Consulting Engineer, 
Blacksburg, Va. 

ALBERT CAVALLO JEWeETT, Electrical 
Adviser to Government Kashmir 
(India) Baniar, Jhelum Valley Road, 
Kashmir, India. 

WILLIAM Соквіт SPRUANCE, JR.. Con- 
sulting Engineer, Equitable Building, 
Wilmington, Del. 

Hannv ELLSWORTH CLIFFORD, Professor 
of Theoretical Electricity, Massachu- 
setts Institute of Technology, Bos- 
ton, Mass. 

Epcar Davis Ермомѕтом, Chief Engi- 
neer American Construction Co., New 
Orleans, La. 

GEORGE Roy Woop, Consulting Elec- 
trical Engineer, 1021-1023 Fulton 
Bldg., Pittsburg, Pa. 

Ler ре Forest, Wireless Telegraph De- 
velopment, 315 West 97th St., New 
York City. 
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WiLLIAM C. L. Есим, Electrical Engi- 
neer Philadelphia Electric Co., 10th 
and Sansom Sts., Philadelphia, Pa. 

PETER Cooper Hewitt, Scientist, 11 
Lexington Ave., New York City. 


Personal 
Mr. H. L. VAN VALKENBURG iS now 
with the Walker Electric Company, 
Philadelphia, Pa., as chief engineer. 


Mr. F. M. SHEPARD has removed 
from Fanwood, N. J., to Madison, Wis., 
with the Northern Electrical Mfg. Co. 


MR. NATHANIEL M. SNYDER has gone 
from Lincoln, Neb., to 192 Dearborn 
Ave., Kankakee, Ill. 


Mr. NorMAN McD. CRAWFORD has 
removed from Hartford, Conn., to Cin- 
cinnati, O. 


Mn.J.J.KriNE has changed his ad- 
dress from Chicago to the Fort Wayne 
Electric Works, Fort Wayne, Ind. 


Mr. M.C. Turpin, formerly at Phila- 
delphia, Pa., is now with the Auburn 
Light, Heat and Power Co., Auburn, 
N. Y., as superintendent. 


Mr. P. EvELAND has left the General 
Electric Company and is now with the 
Leadville Light and Power Company, 
Leadville, Colo. 


MR. CLARENCE F. HIRSHFELD, of 
Ithaca, N. Y., has been appointed 
assistant professor of power  engi- 


neering at Cornell University. 


Mr. FRANKLIN Punca has removed 
from Oswaldstre House, London, Eng., 
to Gundceldingerstrasse, 87, Bale, Switz- 
erland. 


—— — 


Mr. Howanp S. WirsoNw, electrical 
engineer, of Baltimore, Md., is now 
with the Submarine Signal pany: 
88 Broad St., Boston, Mass. 
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Mr. D. McNicor has removed from 
the Postal Telegraph Cable Co. at Butte, 
Mont., to that company’s office at Salt 
Lake City, Utah. 


Mr. M. C. McKay has left Oakland, 
Cal, to take the position of superin- 
tendent American River Electric Co., 
at Stockton, Cal. 


Mr. Н. B. KIRKLAND, sales manager 
American Loom Company, Chelsea, 
Mass., has left that concern to take a 
similar position with the National Metal 
Molding Co., of Pittsburg, Pa. | 


Mn. Harry O. F. BINDEMANN, for- 
merly chief engineer Gasifacion Indus- 
trial, Madrid, Spain, is now chief en- 
gineer for the Rhinisch-Westfalian Elec- 
tricity Works, of Essen-Ruhr, Germany. 


Mr. A. W. Stuntz has gone from 
Wilkinsburg, Pa., to Alliance, O., being 
connected with the Morgan Engineer- 
ing Company of that city, in the ca- 
pacity of designing electrical engineer. 


MR. A. L. Соок, formerly assistant 
instructor at Pratt Institute, Brooklyn, 
N. Y., is now connected with Westing- 
house Church, Kerr & Co. of New 
York, as engineer. 


Mr. InviNc Н. Ѕневуғоор, has left 
the People's Light and Railway Com- 
pany, Streator, Ill, and is with the 
Roberts and Abbott Company, Cleve- 
land, O. 


Mn. W. B. Gump has removed from 
Buffalo, N. Y., to Cleveland, O., fo 
occupy the position of designing engi- 
neer for the Cleveland Construction 
Company. 


Mr. CLAUDE A. BULKELEY, formerly 
Inspector United States Treasury De- 
partment at Washington, D. C., has 
been appointed chief engineer Board 
of Education, St. Louis, Mo. 
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Mr. CuarLes E. BENNETT, formerly 
with the New York Central and Hudson 
River Railroad, is now on the staff of 
L. B. Stillwell, 100 Broadway, New 
York. 


Mr. Joun B. INGERSOLL has become 
general manager and chief electrical 
engineer of the Spokane and Inland 
Railway, Spokane Terminal Co., at 
Spokane, Washington. 


Mr. CHARLES M. BLANCHARD, for- 
merly chief electrician Lackawanna 
Coal and Coke Company, Wehrum, Pa., 
has changed to the Black Band Coal 
and Coke Company, Chilton, W. Va., 
as general superintendent. 


Mr. Jonn S. Wise, formerly assist- 
ant superintendent of the Auburn 
Light, Heat and Power Co., Auburn, 
N. Y., has become general manager of 
the Consumers’ Electric Light and 
Power Company, at Hazleton, Pa. 


Mr. F. W. NEWELL, connected with 
the electrical engineering department 
of the Otis Elevator Company, has gone 
from the Yonkers N. Y., office, to the 
office of the same company, West End 
Trust Building, Philadelphia, Pa. 


Mr. W. К. HonuiNG, formerly en- 
gineer of Williams Telephone and Sup- 
ply Co., of Cleveland, O., has accepted 
the position of branch manager with 
Robbins and Myers Co., of Springfield, 
O., at the Cleveland office. 


MR. CLARENCE A. STIMPSON has 
changed from the Postal Telegraph 
Cable Co., 1326 Chestnut Street, Phila- 
delphia, to the Installation Bureau of 
the Philadelphia Electric Co., 122 Arch 
St., Philadelphia, Pa. 


Mr. Louis W. Pratt, Local Secre- 
tary at Toronto, Ont., has left the 
Brantford Electric and Operating Co., 
at Brantford, Ont., to go with The 
Federal Electric Construction Co., Ltd., 
of Toronto. 
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Mr. Joun W. KeLLy, JR., recently 
Superintendent of Equipment, Keystone 
Telephone Co., Philadelphia, Pa., is 
now general superintendent, General 
Acoustic Co., 1265 Broadway, New 
York City. 


Mr. FREDERICK Н. CoBLE, formerly 
electrical engineer with the Testing 
Bureau, Brooklyn Heights Railroad 
Company, is now associated with L. B. 
Stillwell as assistant to superintendent 
of power and construction, at Balti- 
more, Md. 


Mr. J. H. Situ has resigned the 
managership of The Electrical Journal 
at Pittsburg, and purchased the Elec- 
trical Age Company, publishers of The 
Electrical Age. The publication offices 
have been removed to 45 East Forty- 
second Street, New York City. 


Мв. Е. J. Foote, for two years elec- 
trical and mechanical engineer with 
the manufacturing interests repre- 
sented by the American Oak Leather 
Co., has accepted a position on the 
engineering staff of the Westinghouse 
Electric and Manufacturing Co., at 
Cincinnati, O. 


Mr. К. №. HvrcuiNsoN, JR., con- 
sulting engincer, and now on the staff 
of the National Brake and Electric Co., 
Milwaukee, has written a technical 
work on Long Distance Electric Power 
Transmission, published. by the 
D. Van Nostrand Company, New York 
City. 


Mr. Frank С. Baum, who has been 
in charge of the hydraulic and elec- 
trical engineering апа construction, 
and also the operation, of the system 
of the California Gas and Electric Cor- 
poration for the past three and one-half 
years, has resigned his position and 
gone into consulting engineering; his 
specialty being hydroelectric power 
plants and long-distance transmission 
systems. Mr. Baum will continue as 
consulting engineer for the California 
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Gas and Electric Corporation. His 
offices are in the Chronicle Building, 
San Francisco, Cal. 


Obituary 


Francis E. Jackson died on Thurs- 
day, November 7, 1906, at the home of 
his father in East Orange, N. J. 

He was born in Brooklyn in 1865, 
but lived almost his entire life in East 
Orange. From the public schools of 
East Orange he entered the class of '86 
of Stevens Institute, and, after gradua- 
tion, entered the employ of the Edison 
Lamp Company, of Harrison, N. J. 
During his connection with this com- 
pany he was also an inspector of light- 
ing plants for the Association of Edison 
Illuminating Companies. In 1894 he 
left the above company and began the 
manufacture of incandescent lamps in 
Newark, N. J., and in the same year a 
separate plant for the manufacture of 
incandescent lamp filaments in Orange, 
N. J. Ata later date he manufactured 
fluorescent scrcens for X-ray work. He 
was a life member of the Stevens In- 
stitute Alumni Association. and the 
Y. M. C. A, an active member of the 
Canoe Brook Country Club and Rose- 
ville Golf Club. He was elected an 
Associate of the Institute January 3, 
1888, and transferred to the grade of 
Member June 17, 1890. 

For over two years previously to his 
death he had been unable to attend 
closely to business, and his health con- 
tinued to fail steadily until his death. 


ALBERT EaRLE Hayes, elder son of 
Wylon G. and Nettie A. Hayes, of 
Fitchburg, Mass., died at his home in 
that city December 24, 1906. Mr. 
Hayes was born July 12, 1877, and was 
graduated from the Worcester Poly- 
technic Institute in 1898 with the de- 
gree B.S. in electrical engineering. Be- 
ginning August 1898, he spent nine 
months with the Anchor Electric Com- 
pany of Boston. He subsequently en- 
tered the service of the General Elec- 
tric Company at the Lynn works, and 
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after a year in the testing department, 
was transferred to the alternating de- 
partment on the design of constant- 
current series alternating transformers 
and kindred apparatus. In February 
1906 he was transferred to Schenec- 
tady, where he was placed in charge of 
the design of constant-current trans- 
formers. In August 1905 his right leg 
was accidentally fractured, and in the 
following December amputation was 
necessary. Although he resumed work 
in April, his health began to decline, 
and in August he was obliged to relin- 
quish active work, returning to his 
home in Fitchburg. 


Mr. Hayes was for several years 
connected with the General Elec- 
tric Engineering Society at Lynn, 


of which he had been vice-president 
and secretary. He was elected an 
Associate of the Institute August 17, 
1904. The survivors of his family are 
his parents, a sister, Miss Ruth M. Hayes 
and his younger brother, Clifton R. 
Hayes of Ludlow, Mass., who is also 
an Associate of the Institute. 


ERNEST EpGar Davis, senior part- 
ner of the Davis-Forrest Machine 
Works at Savannah, Ga., died in Balti- 
more, December 25, 1906. Mr.Davis was 
a son of Mr. Thomas J. Davis, and was 
born in Savannah, September 5, 1873. 
He was graduated from the Georgia 
School of Technology 1893, degree of 
M.E., and took a post-graduate course 
at the Ohio State University with the 
degree of E.E. 1896. At the World's 
Fair, Chicago, 1893, he served for four 
months as assistant to the judges in 
the electrical department. Returning 
to Savannah he worked as day engineer 
for the Brush Electric Light and Power 
Company until the beginning of his 
post-graduate course in 1895. In 1898 
he established the Davis Machine 
Works, which he carried on success- 
fully, forming in 1902 with G. F. Forrest 
a partnership known as the Davis- 
Forrest Machine Works, Incorporated, 
engineers and machinists. About three 
years ago his health became impaired, 
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making it necessary for him to resort to 
medical treatment. He was for a time 
in the Johns Hopkins Hospital in Bal- 
timore, and after a few months at home, 
returned to Baltimore where his health 
seemed better and he was employed by 
the T. H. Lymington Company until 
his death on Christmas day. The sur- 
viving members of his family are his 
father, his brother, William V. Davis, 
and three sisters. 

Mr. Davis was elected an Associate 
November 20, 1903, and his corre- 
spondence indicates that he heartily 
appreciated his membership. 


WALLACE CLYDE JOHNSON, consulting 
engineer on water power development 
and electric transmission, died at his 
home in Niagara Falls, N. Y., December 
15, 1906. Mr. Johnson was born in 
Granville, Mass., May 21, 1859. Не was 
graduated from the Worcester Poly- 
technic Institute with the degree of B.S. 
in 1884. He was assistant engineer of 
the Holyoke Water Power Company 
from 1884 to 1886, and chief engineer of 
the Niagara Falls Hydraulic and Manu- 
facturing Company from 1886 to No- 
vember 1900. During the latter period 
he designed and constructed the first 
power house of that company, having a 
capacity of 30,000 horse power. This 
was used to drive direct-current gen- 
erators of 20,500 kw. and an alternating- 
current generator of 700 kw. capacity. 
He also built several electric light plants, 
among which was that of the Albion 
(N. Y.) Power Company of which he 
was engineer and general manager. On 
November 1, 1900, he was appointed 
chief engineer of the Shawinigan Water 
and Power Company and was engaged 
in the development of about 100,000 
horse power, the installation of several 
3750 kw. alternators, and construction 
of eighty miles of transmission line. He 
was also consulting engineer for the 
Nannawa Falls Water Power Company 
of Potsdam, N. Y., and the Pittsburg 
Reduction Company. Mr. Johnson was 
elected an Associate March 22, 1901. 
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Officers and Board of 
Directors, 1906-1907. 


PRESIDENT. 


Term expires 1907. 
SAMUEL SHELDON, Brooklyn, N. Y. 


JUNIOR PAST-PRESIDENTS. 


JOHN W. LIEB, JR., New York, N. Y. 
SCHUYLER S. WHEELER, Ampere, N. J. 


VICE-PRESIDENTS. 


Term expires 1907. 
CHARLES A. TERRY, New York, N. Y. 


TOWNSEND WOLCOTT, New York, N. Y. 


GANO DUNN, Ampere, N. J. 


Term expires 1908. 
A. H. ARMSTRONG. Schenectady, N. Y. 
FRANK G. BAUM, San Francisco, Cal. 
H. H. HUMPHREY, St. Louis, Mo. 


MANAGERS. 


Term expires 1907. 
C. O. MAILLOUX, New York, N. Y. 
HENRY G. STOTT, New York, N. Y. 
JAMES G. WHITE, New York, N. Y. 
LOUIS A. FERGUSON, Chicago, Ill. 


Term expires 1908. 


CUMMINGS C. CHESNEY, Pittsfield, Mass. 
BANCROFT GHERARDI, New York, N Y. 


CALVERT TOWNLEY, New Haven, Conn. 
CHARLES L. EDGAR, Boston, Mass. 


Term expires 1909. 
A. M. SCHOEN, Atlanta. Ga. 
PAUL SPENCER, Philadelphia, Pa. 
JOHN J. CARTY. New York, N. Y. 
PAUL M. LINCOLN, Pittsburg, Pa. 


TREASURER. 
Term expires 1907. 


GEORGE A. HAMILTON, New York, N. Y. 


SECRETARY. 


Term expires 1907. 
RALPH W. POPE, New York, N. Y. 


Past-Presidents. 


NORVIN GREEN, 1884-5-6. 
FRANKLIN L. POPE, 1886-7. 
T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 
ELIHU THOMSON, 1889-90. 

W. A. ANTHONY, 1890-91. 
ALEX. GRAHAM BELL, 1891-2. 
FRANK J. SPRAGUE. 1892-3. 
EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 
FRANCIS B. CROCKER, 1897-8. 
A. E. KENNELLY, 1898-1900. 
CARL HERING, 1900-1901. 
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CHARLES P. STEINMETZ, 1901-2 
CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, JR., 1904-5. 
SCHUYLER S. WHEELER. 1905-6. 


GENERAL COUNSEL. 
PARKER and AARON, New York, N. Y. 


Standing Committees. 


EXECUTIVE COMMITTEE. 


SAMUEL SHELDON, Chairman, 
Polytechnic Institute, Brooklyn, N. Y. 
JOHN J. CARTY, New York, N. Y. 
GEORGE A. HAMILTON, New York, N. Y. 
RALPH W. POPE. New York, N. Y. 
HENRY G. STOTT, New York, N. Y. 
CHARLES A. TERRY, New York, N. Y. 
CALVERT TOWNLEY, New Haven, Conn. 


COMMITTEE ON FINANCE. 


JOHN J. CARTY, Chairman, 

18 Cortlandt St.. New York, N. Y. 
GANO DUNN, Ampere, N. J. 
JAMES G. WHITE, New York, N. Y. 


COMMITTEE ON PAPERS. 


HENRY G. STOTT, Chairman, 

600 №. 59th St., New York, N. Y. 
BERNHARD A. BEHREND, Norwood, O. 
HENRY A. LARDNER, New York, N. Y 
PAUL M. LINCOLN, Pittsburg, Pa. 

E. WILBUR RICE. JR., Schenectady, N. Y. 


BOARD OF EXAMINERS. 


WILLIAM MAVER, JR., Chairman, 

136 Liberty St., New York, N. Y. 
H. FLEETWOOD ALBRIGHT, New York, N. Y. 
FRANK W. ROLLER, New York, N. Y. 
LEWIS B. STILLWELL, New York, N. Y. 
TOWNSEND WOLCOTT, New York, N. Y 


LIBRARY COMMITTEE. 


WILLIAM J. JENKS. Chairman, 

120 Broadway, New York, N. Y 
EDWARD CALDWELL, New York, N. Y. 
CHARLES F. CHANDLER, New York, N. Y. 
CHARLES A. TERRY, New York, N. Y. 

F. N. WATERMAN, New York, N. Y. 


EDITING COMMITTEE. 


THOMAS J. JOHNSTON, Chairman, 

11 Pine St., New York, N. Y. 
GANO DUNN. Ampere, N. J. 
CECIL P. POOLE, New York, N. Y. 
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Special Committees. FRANCIS O. BLACKWELL, New York, N. Y. 
CUMMINGS C. CHESNEY, Pittsfield, Mass. 
STANDARDIZATION COMMITTEE. M. H. GERRY, JR., Helena, Montana, 
FRANCIS B. CROCKER, Chairman, PAUL M. LINCOLN, Pittsburg. Pa. 
Columbia University, New York, N. Y. RAYMOND S. MASSON, Los Angeles, Cal. 


ARTHUR W. BERRESFORD, Milwaukee, Wis WALTERS. MOODY, S-henectady, N. Y. 


DUGALD C. JACKSON, Madison, Wis. 
ARTHUR E. KENNELLY, Cambridge, Mass. COMMITTEE ON TELEPHONY. 


C. O. MAILLOUX, New York, N. Y. KEMPSTER B. MILLER. Chairman, 
ROBERT B. OWENS, Montreal, Can. Monadnock Buildin :, Chicago, Ill. 
CHARLES F. SCOTT. Pittsburg, Pa. EDWARD E. CLEMENT, Washington, D.C. 
HENRY G. STOTT, New York, N. Y. WILLIAM W. DEAN, Elyria, O. 


CHARLES P. STEINMETZ, Schenectady, N. Y BANCROFT GHERARDI, New York, N. Y. 
SAMUEL W. STRATTON, Washington, D.C. FRANK Е. McBERTY, New York. 
ELIHU THOMSON, Lynn, Mass. 


COMMITTEE ON BIBLIOGRAPHY. 


COMMITTEE ON LAW. WILLIAM D. WEAVER, New York, N. Y 


С О. MAILLOUX, Chairman, 
76 William St., New York, N. Y. 


ALBERT H. ARMSTRONG, Schenectady, N. Y. NATIONAL ELECTRIC CODE COMMITTEE. 
CLAYTON W. PIKE, Fhi'ade:phia, Pa. FREDERIC A. C. PERRINE, Chairman, 
PAUL SPENCER, Philadelphia, Pa. 60 Wall St., New York. N. Y. 
CHARLES A. TERRY, New York, N. Y. JOSEPH C. FORSYTH, New York, N. Y. 
A. M. SCHOEN, Atlanta, Ga. 
BUILDING FUND COMMITTEE. GEORGE F. SEVER, New York, N. Y. 


H. A. SINCLAIR, New York, N. Y. 


T. COMMERFOR i 
D MARTIN, Chairman, ARTHUR WILLIAMS, New York, N. Y. 


114 Liberty St., New York, N. Y. 


JOHN C. BARCLAY, New York, N. Y. CHARLES J. H. WOODBURY, Boston, Mass. 

JOHN J. CARTY, New York, N. Y. 

CHARLES L. EDGAR, Boston, Mass. LOCAL ORGANIZATION COMMITTEE. 

FRANCIS W. JONES, New York, N. Y. | 

JOHN W. LIEB, JR New York N y PAUL SPENCER, Chairman, 

FRANK J. SP Т Сеч Broad and Arch Sts., Philadelphia, Pa. > 
NK J. SPRAGUE, New York, N. Y. Td < ; i 

JAMES G. WHITE, New York, N. Y. OUI A. FERGUSO , Chicago, . 


WINDER E. GOLDSBOROUGH, New York. 
HENRY H. HUMPHREY. St. Louis, Mo. ' 


COMMITTEE ON FOREST PRESERVATION. KEMPSTER B. MILLER, Chicago, Ill. 
FREDERIC А. C. PERRINE, Chairman, HENRY H. NORRIS, Ithaca, N. Y. 
60 Wall St., New York, N. Y. DAVID B. RUSHMORE, Schenectady, N. Y. 


HORATIO A. FOSTER, Baltimore, Md. 
PHILIP G. GOSSLER, New York, N. Y. 


WILLIAM P. JUDSON, Broadalbin, N. Y. EDISON MEDAL COMMITTEE. 
HENRY A. PRESSEY, Washington, D. C. JOHN W. HOWELL, Chairman. 
CHARLES A. WADDELL, Biltmore, N. C. BANCROFT GHERARDI, Secretary. 
CHAR _ES S. BRADLEY. 

COMMITTEE ON A CODE OF ETHICS. CHARLES L. CLARKE. 
SCHUYLER SKAATS WHEELER. Ch ‚ CHARLES L. EDGAR. 

Ampere, N. J. лаптап, JOHN Е. KELLY. 
HAROLD W, BUCK. New York, N. Y. T. COMMERFORD MARTIN 


CHARLES P. STEINME dv y.y CHARLES F. SCOTT. 
ыаызспепесганук Эз WM. HAND BROWNE, Ja. 


COMMITTEE ON INCREASE OF MEMBERSHIP, HENRY L. DOHERTY. 
PERCY H. THO GEO. A. HAMILTON. 
, LOMAS, Chairman, SAMUEL REBER. 

220 W. 29th St.. New York, №. Y. FRANK J. SPRAGUE 
FREDERICK C. BATES. New York, N. Y. TOWNSEND WOLCOTT 
AINSLIE A. GRAY, New York, N. Y. HENRY О. STOTT. 
FREDERICK І, HUTCHINSON, New York, | | 
E B. MERRIAM, S henectad v, N.Y. 
EDWIN H. SEAMAN, Winston-Salem. N.C. REPRESENTATIVES ON BOARD OF AWARD 

JOHN FRITZ MEDAL. " 
HIGH-TENSION TRANSMISSION COMMITTEE. BION J. ARNOLD. | 
RALPH D. MERSHON, Chairman, JOHN W. LIEB, Jn. 

60 Wall St., New York, №. Y. SCHUYLER SKAATS WHEELER. 

PRANK G. BAUM, San Francisco, Cal SAMUEL SHELDON. 
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Locel Secretaries. 


AMES, IOWA.—ADOLPH SHANE, 
Iowa State College. 


ANN ARBOR, MICH.—C. J. WHIPPLE, 
556 South State St. 


ATLANTA, GA.—W R. COLLIER, 
463 North Jackson St. 


BALTIMORE MD.—CHAS. G. EDWARDS, 
Electrical Commission, City Hall. 


BETHLEHEM, PA.—M. T. SALDANA, 
Lehigh University. 


BOSTON, MASS.—C. H. PORTER, 
Dept. of Elec. Eng., Mass. Inst. Technology. 


CHICAGO, ILL.—C. E. FREEMAN, 
Armour Inst. of Technology. 


CHICAGO, ILL.—H. R. KING, 
Western Electric Co. 


CINCINNATI, O.—LAURENT LOWENBERG, 
Bullock Elec. Mfg. Co. 


COLUMBIA, MO.—H. D. CARPENTER, 
University of Missouri. 


COLUMBUS, 0.—F. E. BEUTLER, 
Ohio State University. 


COLUMBUS, O. 


H L. COOK, 
Engineers’ Club. 


` FAYETTEVILLE, ARK.—G. C. BAKER, 
University of Arkansas. 


ITHACA, N. Y.—H. H. NORRIS, 
Franklin Hall, Cornell University. 


LAFAYETTE, IND.—J. W. ESTERLINE, 
Electrical Eng. Dept., Purdue University. 


MADISON, WIS.—J. W. SHUSTER, 
University of Wisconsin. 


PHILADELPHIA, PA.—H. F. SANVILLE, 
597 Drexel Bldg. 


PITTSBURG, PA.—H. D. JAMES, 
Westinghouse E. & M. Co. 


PITTSFIELD, MASS.—S. H. BLAKE, 
Stanley-G. I. Elec. Mfg. Co. 


ST. LOUIS, MO —W. E. BRYAN, 
Washington University. 


ST. LOUIS, MO.—A. S. LANGSDORF, 
Engineers' Club. 


ST. PAUL, MINN.—BARRY DIBBLE, 
1317 Summit Ave. 


SAN FRANCISCO, CAL.—4A. Н. BABCOCK, * 
1216 Webster St., Oakland. 


SCHENECTADY, N. Y.—E. E. F. CREIGHTON 
General Electric Co. 


SEATTLE, WASH.--W. S. WHEELER, 
3120 East Union Street. 


STATE COLLEGE, PA.—H. L. FREDERICK, 
Pennsylvania State College. 


SYRACUSE, N. Y.—G. C BAKER, 
Syracuse University. 


TORONTO, ONT.—L. W. PRATT, 
Toronto El. Lt. Co. 


URBANA, ILL.—M. К. AKERS, 
University of Illinois. 


WASHINGTON, D. C.—PHILANDER BETTS. 
“The Oakland.” 


WORCESTER, MASS.—A. T. CHILDS, 
Worcester Poly Inst. 


Local Honorary Secretaries. 


JAMES S. FITZMAURICE, 
210 George St., Svdney, N. S. W. 


H. F. PARSHALL, 
Salisbury House, London Wall E. C., London. 


ROBERT B. OWENS, 
McGill University, Montreal, P. Q 


WM. B. HALE, 
Arco de San Agustin 8, City of Mexico, 


CLARE F. BEAMES, 
[for Porto Rico and West Indies] 
an Juan, P. R. 
W. С. T. GOODMAN, 
Dunedin, New Zealand. 


LOCAL ORGANIZATIONS—DIRECTORY. 
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Branches Organized. 


BRANCHES. 
Atlanta............ Jan. 19, '04 
Baltimore......... Dec. 16, '04 
Boston . Feb. 13, '03 
Chicago................. 1893 
Cincinnati..... Dec. 17, '02 
Columbus......... Dec. 20, '03 
Minnesota.......... Apr. 7, '02 
Pittsburg. . ....Oct. 13, '02 
Pittsfie'd.......... Mar. 25, '04 
Phi'adelphia....... Feb. 18, '03 
Sana Francisco...... Dec. 23, '04 
Schenectady....... Jan. 26, '03 
Seattle............ Jan. 19, '04 
St. Louis. ......... Jan. 14, '03 
Toronto.......... Sept. 30, '03 


UNIVERSITY BRANCHES. 
Cornell University. .Oct. 15, '02 


lowa State College. Apr. 15, '03 
Lehigh University. Oct. 15, '02 
Purdue University . Jan. 26, '03 
Syracuse University Feb. 24, '05 


Univ. of Wisconsin Осі. 15, '02 

Univ. of INinois....Nov. 25, '02 

Worcester Роса Institute, 
ar 


STUDENT MEETINGS. 


25, '04 


Chairman. 


A. M. Schoen. 

J. B. Whitehead. 
H. E. Clifford. 

P. B. Woodworth. 


C. S. Reno. 
F. W. C. Bailey. 
Edward P. Burch. 


H. W. Fisher. 
Gilbert Wright. 

W. C. L. Eglin. 

C. L. Cory. 

D. B. Rushmore. 
C. E. Magnusson. 
A. H. Timmerman. 
R. G. Black. 
Edgar Russel 


E. L. Nichols. 


F. A. Fish. 

A. W. Lawson. 
C. P. Matthews. 
W. P. Graham 


F. M Contee. 
Morgan Brooks. 


A. P. Chapman. 


Armour institute. ..Peb 26, '04 | C. E. Freeman 
Ohio State Univ....Dec 20, '02 


Peas. State College.Dec 20, '02 
Univ. of Arkansas.. Маг 25, '04 
Па. of Michigan.. Mar 25, '04 | Kenneth Barry 


Univ. of Missouri...Jan 10, '03 
Washington Univ...Feb 26, '04 


Н. C. Bartholomew 


C. L. Christman 
W. B. Stelzner. 


H. B. Shaw 
A. S. Langsdorf 


Secretary. 


W. R. Collier. 
C. G. Edwards. 
C. H. Porter. 
H. R. King. 


L. Lowenberg. 
H. L. Cook. 
Barry Dibble. 


H. D. James. 
S. H. Blake. 
H. F. Sanville. 
A. H. Babcock. 


E. E F. Creighton. 


W.S. Wheeler. 
A. S. Langsdorf. 
L. W. Pratt. 


H. H. Norris. 


Adolph Shane. 

M. T. Saldana. 
J. W. Esterline. 
G. C. Baker. 


J. W. Shuster. 
M. K. Akers. 


A T. Childs 


C. E. Freeman 
F. E. Beutler 


H. L. Frederick 
G. C. Baker. 
C. J. Whipple. 


H. D. Carpenter. 
W. E. Bryan. 


3l 


Branch Meets. 


2d Friday. 
3d Wednesday 


lst Tuesday after 
N. Y. meeting. 


lst Mondays 


Ist Friday after 
N. Y. meeting. 


2d Tuesday. 
3d Thursday. 
2d Monday. 


2d Wednesday. 
2d Tuesday. 
2d Wednesday. 


. | 2d Friday. 
Philander Betts. 


1st Thursday. 


lst Friday after 
N. Y. meeting. 


1st Wednesday. 
3d Thursday 
Every Tuesday. 


Ist and 3d Thurs- 


days. 
4th Thursday. 
Ist Wednesday 


3d Monday 


Every Tuesday 


evening 
Every Wednesday 
lst & За Tuesdays 


1st and 3d Wednes- 
days 


lst and 3d Fridays 
Ist Wednesday 
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Institute Headquarters 


XPERIENCE in the actual occu- 
pation of the suite of offices in the 
Engineers’ Building shows that when 
all details are finished the quarters will 
be entirely satisfactory. The rooins are 
spacious and light, with a fine view of 
the city in every direction, as well as 
Long Island, New Jersey. and the North 
and East Rivers. At the first glance, 
many think the rooms are unnecessarily 
large, but it should be remembered that 
the building has been planned for the 
future as well as the present. During 
one afternoon of the first week of occu- 
pancy, the Board of Examiners, the 
Edison Medal Committee, and a sub- 
committee on Standardization Rules, 
met simultaneously in the Comm.ttee 
Room, the Reception Room, and the 
Board Room. Under previous condi- 
tions this would have been impossible. 
As already announced, the actual trans- 
fer from the Liberty Street quarters was 


No. 2. 
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made on Saturday, February 2, so that 
on the following Monday, the new offices 
were occupied. The moving of the 
library was interfered with by the 
heavy snow which began falling on 
Monday. Afterthe books were removed, 
the stacks were taken down and re-erec- 
ted in the stack room on the twelfth 
floor. In order to prevent confus:on 
care must be exercised in replacing the 
books upon the proper shelves, so that 
much more time is necessarily con- 
sumed in this work. Arrangements were 
made for the temporary use of another 
reference library while the change was 
being made, so that visitors have not 
been neglected. The select:on and pur- 
chase of furniture and carpets, and the 
contract for moving the entire equip- 
ment has been in charge of the Library 
Committee. The work has been carried 
out satisfactorily in every detail by the 
office staff. 


—— 


The Railway Meeting 


HE first Institute meeting held in 
the main auditorium was that of 
January 25. The subject of the paper, 
the standing of the authors, Messrs. 
Stillwell and Putnam, the general inter- 
est in the electric railway situation, 
combined with a natural desire to test 
the practical qualities of the hall, 
served to attract an audience of about 
twelve hundred, the largest number 
ever attending a meeting of the Insti- 
tute. The seating capacity of this audi- 
torium is one thousand, which may, 
however, be slightly increased in the 
future by an additional row of scats. 
Seats may also be temporarily placed 
at the four double doors in the corridor 
which completely encircles the hall. 
The acoustic properties of the room are 
fine, the coat-room accommodations 
ample, and every possible detail has 
been carefully worked out. Judging 
from the experience of one mecting, 
engineers are to be congratulated upon 
the successful solution of a problem 
which has always confronted them in 
New York as well as in many smaller 


cities. The close attention which was 
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. given to the words of all the speakers 
was suflicient evidence of the interest 
shown by the auditors. 


The Age Limit 


SIONAL objections are raised 
- against the constitutional require- 
ment that applicants for transfer from 
the grade of Associate to that of Member 
shall have reached the age of twenty- 
seven years. There was no restriction 
of this character in the constitution 
which was superseded in 1901. It was 
however found in practice, that young 
men were prone to apply for transfer 
immediately after graduation, and that 
the time of the Board of Examiners was 
occupied to an unnecessary extent in 
considering these applications which 
could not be recommended on account 
of lack of electrical engineering experi- 
ence of a proper quality. It was recog- 
nized that there might be occasional 
exceptions to the rule, but they have 
proved to be exceedingly rare. Other 
engineering societies have fixed a sim- 
ilar limit at the age of thirty years. 
The fixing by law of an age limit is 
a very common practice, and while in 
many instances it may appear to be a 
hardship, it is a simple method for the 
purpose of determining at the outset 
that the applicant has acquired the 
essential amount of experience. 


OME members are not so careful as 
they should be in returning 
promptly the endorsement forms mailed 
to them upon the suggestion of candi- 
dates for election or transfer. When 
inquiry is made as to delay in action 
upon a case, it is embarrassing to the 
applicant to learn that any of his refer- 
ences have failed to reply. A stamped 
envelope is sent for this purpose, and 
ordinary courtesy should be a sufficient 
incentive to elicit a reply even if it be 
unfavorable. Every month it is found 
necessary to send out duplicate forms, 
which involves additional expense, as 
well as trouble, delay, and annoyance. 
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HE annual volume for 1906 will not 

be ready for distribution before 

the first of June. It is desirable that all 
discussions should, if possible, be in- 
cluded with the paper to which they 
belong, in the same book. This prevents 
the immediate completion of the volume 
at the close of the calendar year. The 
actual contents having already appeared 
in the monthly issues, this unavoidable 


delay is not so serious a matter as it 


would be if the papers were not imme- 
diately available after presentation. 
The monthly parts should be filed for 
reference until the bound volume is 
received. 


N the list of members sent out 
with the nomination papers, the 
file numbers given are those of the 
office folders assigned to each member. 
These numbers are permanent, and 
those who care to remember them, may 
facilitate the office routine by affixing 
the proper file number to each letter 
when corresponding with the Institute. 
This is a mere suggestion; but, when 
followed, it will save the time necessary 
for consulting the index in each case; 
and if correctly given will avoid errors 
in filing. The same number will also 
be printed with the address on the 
mailing machine. As the mailing ad- 
dresses have been copied from the old 
list, members are requested to notify 
the Secretary in case any errors have 
been made. 
HILE the Institute office is not offi- 
cially known asa Bureau of Infor- 
mation, inquiries are frequently received 
from non-members as well as members 
who desire to obtain copies of papers 
of which only the vaguest details are 
given. Fortunately the library usually 
affords facilities for answering these in- 
quiries, if in the line of electrical or 
mechanical engineering. Even a request 
for the name of an electrical engineer 
who was also a good baseball pitcher 
has been complied with, but continual 
success in such searches must not always 
be expected. 
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Steam Power Station, Twin 
City Rapid Transit Com- 
pany Minneapolis, 
Minn.* 


The plant described herein is the 
steam power station of the Twin City 
Rapid Transit Company, which oper- 
ates in parallel with a water power sta- 
tion of 10,000 h.p. capacity located ap- 
proximately 1000 ft. away. Together 
they furnish power to ten electric rail- 
way Sub-stations, which are equipped 
as follows: 


Capacity 
Distance Con- in 
Sub-stations in fect. verters kilowatts 


Eleventh St., Minne- 


аройз............ 11,350 4 6.000 

Water Power. Minne- 
apols............ 4 2,400 
Lake St.. Minneapolis 13,900 2 3,000 
College Ave.. St. Paul 43,900 4 6.000 
Snelling Ave., St. Paul 25.200 2 3,000 
Wildwood.......... . 100,200 3 1.800 
Stillwater........... 136,400 1 600 
Hopkins............ 57,250 3 1,800 
Excelsior. .......... 103.050 3 1.800 
Big Island.......... 109,400 600 
26 27,000 


Eleventh St. and College Ave. sub- 
stations are equipped with relatively 
small storage-batteries, each rated at 
1600 amperes, 600 volts, on a one-hour 
discharge basis. 

Each power station furnishes about 
one-half the total output in kilowatt- 
hours, the steam station taking the 
variations in the load as shown on the 
accompanying typical load curve. 


STEAM Power PLANT BUILDING. 


Location. East bank of Mississippi 
river, just below the Tenth avenue 
bridge, Minneapolis. 

Size. 155 ft. 11 in. wide by 255 ft. 
2 in. long by 93 ft. high from engine- 
room basement to roof. 

Engine-room. 67 ft. wide, extending 
full length of building, and 56 ft. high 
in the clear; basement floor 20 ft. below 
engine-room floor. 

9 Prepared for a meeting of the Minnesota 


Branch, American Institute of Electrical Engi- 
neers. December 29th. 1906. 
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Boiler-room. 83 ft. wide and full 
length of building; basement floor 14 ft. 
below boiler-room floor; boiler-room 
floor 4 ft. above engine-room floor. 


FILTRATION PLANT. 


Building. 35 ft. 4 in. by 48 ft. 8 in., 
concrete and brick. 

Intake. 8 in. hub and spigot pipe, 
controlled by butterfly valve. 

Sedimentation tank. 24 ft. by 33 ft., 
with 4 baffles. 

Filter-beds. Four; each 10 ft. by 
13 ft., capacity 300 gal. per minute. 
Beds consist of 8 in. of gravel in three 
sizes and 28 in. of sand. Size of sand 
0.56 to 0.60 mm. Guaranteed to oper- 
ate three years without renewal of fil- 
tering material. 

Strainer system. Each filter-bed 
equipped with 143 2-tube strainers and 
26 3-tube strainers. Velocity of water 
not over 1.5 ft. per min. 

Air-wash system. # in. brass pipes, 
spaced 4 in. apart, uniformly distribute 
the air in each bed. 

Clear well. Located underneath 
filter-beds. 

Discharge for filtered water, 12 in. 
flanged wrought iron pipe. 

Alum tanks. Two 5 ít. diam. by 
5 ft. deep, white cedar; graduated ori- 
fice box to measure and indicate quan- 
tity of solution being used. 

Wash-pump. 6 in. Lawrence cen- 
trifugal, operated by 20 h.p. motor. 

Air-compressor. 12 in. by 8 in, 
driven by pulley on pump-shaft. 

Drain-pump. Duplicate of wash- 
pump; operated by motor through fric- 
tion-clutch. 

Capacity of plant, 1200 gal. per min. 

Guaranteed to remove 98 per cent. 
of suspended matter, filtered water to 
show no trace of undecomposed coag- 
ulant. 


STACKS, 2. 


Built of hollow radial moulded 
brick, each stack 162 ft. high by 16 ft. 
inside diameter; foundation 63 ft. above 
boiler-room floor; total height of stack 
above boiler-room, 225 ft. 
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Guaranteed to stand 50 pounds per 
square foot wind pressure and influence 
of atmosphere 800? fahr. 

Breeching. Two flues per stack. 
Area of each, 125 sq. ft. at stack. 


Сол: BUNKERS, 4. 


I-beam, and cinder-concrete con- 
struction. 
Aggregate capacity. 2800 tons. 
Bunkers directly above boilers with 
light-well 14 ft. between them, the en- 
tire length of boiler-room, thus giving 


a light and well-ventilated room. 
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Length. 205 ft. centers. 

Belt. Endless, 24 in., 4-ply, with j in. 
extra cover of pure rubber on carrying 
side. 

Roller. Short type, with spring grease 
cup lubricators. 

Guide pulleys. Spaced every 50 ft. 
along upper run. 

Head pulley. Rubber covered. 

Motor. 10 h.p., slow speed, back 
geared; counter shaft, 132 rev. per min., 
enclosed in steel box. Starting rheostat 
and automatic cutout. 

Sideboards. 1.5 in. matched oak 


DAILY POWER OUTPUT 
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Each bunker feeds three batteries of 
two boilers each. 

The bottom of each bunker has six 
steel hoppers, which lead to coal valves 
and spouts of each boiler. 


BELT CONVEYOR. 


Location. North side of station, be- 
tween building wall and unloading track. 

Capacity guaranteed. 75 tons coal 
per hr. from car to receiving hopper; 
spced, 280 ft. per min. 


plank on iron frame, thoroughly coated 
with pitch. On track side, made in 
sections to lean against car. 


CoAL CRUSHER AND CONVEYOR. 


Crusher. One-drum type. 

Conveyor. Overlapping gravity buck- 
et. 

Coal distribution. Consisting of one 
transverse conveyor receiving coal from 
crusher in basement of boiler-room and 
delivering it to two longitudinal con- 
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veyors, which elevate and distribute it 
to four coal bunkers above the boilers. 

Ash collection. Receiving ashes from 
ash-hoppers in basement under the 
furnace and elevating and delivering 
them to transverse conveyor, which 
delivers the ashes to a hopper over coal 
track. ! 

Nominal capacity. Crusher and en- 
tire conveying system, 75 tons per hr., 
traveling 100 ft. per min. 

Buckets. 24 in. by 24 in., buckets 
and links of malleable iron, shafts 1.25 


5 


Nominal Capacity. 550 h.p., standard 
of 34.5 lb. of water from and at 212 
degrees fahr. per horse-power hour. 

Overload capacity. 825 h.p. con- 


tinuously. 


Grate surface. 


111 sq. ft. 


Guaranteed to evaporate 10 Ib. of 
water from and at 212 degrees fahr. 
per pound of dry coal, with { in. draft 
in furnace, without smoke. Under same 
conditions to evaporate 11 lb. of water 
per pound of coal, burning coal con- 
taining 14,000 B.t.u.; at 825 h.p., to 


Exterior of Power Station. 


in. diameter, wheels 6 in. diameter, 
1.5 in. tread, track 16-pound T-rail. 

Drive. Electric; 600-volt, direct- 
current motors; crusher 25 h.p.; trans- 
verse conveyor, 7.5 h.p.; longitudinal 
conveyor 25 h.p., all drives located at 
bottom of down-takes, all tighteners 
ocated at bottom of up-takes. 


STOKERS AND FURNACES, 24. 
Automatic stokers. 
Grate. Rocking, inclined, engine- 
driven. 
Fire arch. Single span. 


evaporate 9.25 lb. of water per pound 
of coal containing 14,000 B.t.u.. 


BoiLEns, 24. 


Wrought steel sectional tube. 
Nominal capacity. 556 h.p. 
Overload capacity. 825 h.p. 
Working pressure. 200 lb. per sq. in. 
Heating surface. 5560 sq. ft. 
Flue connections. At top of setting. 
Pop safety valves. Two per boiler 


with muffler. 


Gauges. 18 in., Crosby type. 


Superheater. 


Capable of producing 
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120? fahr. superheat, contained within drums 300 lb. per sq. in., mud drum 
boiler setting. 300 lb. per sq. in. 

Guaranteed to operate at capacities Weight. Total, 621,000 Ib. 
specified with { in. draft in main flue Floor space per battery, 28 ft. 5 in. 
and coal containing 13,000 B.t.u. per lb. by 31 ft.; approximate height, 20 ft. 4 in. 
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Steam and water drums. Three, TRIS A 

36 in. diameter, 23 ft. 3 in. long. Шш 
Tubes. 21 sections, 13 tubes each, 

4'in. diameter, 18 ft. long. SERVICE Pumps, 2. 

E Headers. Forged steel. Horizontal, duplex, double acting. 
Feed connection. 2.5 in. diameter. Nominal capacity. 1200 gal. each at 
Steam delivery outlet. 10 in. diam- — 45 strokes per min. 

eter. Diameter. Steam cylinder, 12 in.;.. 


Test. Sections 400 lb. per sq. in.. water cylinder, 16 in.; stroke, 18 in. 
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Guaranteed to operate with steam 
pressure 175 1Ы.; 75? fahr. superheat; 
water pressure, 40 Ib. 

Automatic governor. 

Pressure gauge. 10 in. Crosby. 

Floor space. 30 іп. by 103 in.; ap- 
proximate height, 50 in. 

Weight. Total, 7500 Ib. 

Service. Deliver clear water from 
filter to feed-water heaters and building 
service lines. 


SERVICE Pumps, 2. 

Type. Horizontal simplex, low pres- 
sure. 

Size. Steam cylinder 12 in. by 18 in. 
water cylinder 18 in. by 18 in. 
Pressure Gauge. 10 in. Crosby. 

Capacity. 600 gal. cach, at 30 strokes 
per minute. 

Suction, 12 ft.; delivery pressure, 20 
Ib.; maximum temperature water, 110° 
fahr. 

Service. Deliver water from hot- well 
or river to filter plant. 


FEED-WATER HEATERS, 2. 


Open type, made of cast iron. 
Guaranteed to heat 350,000 Ib. of 
water each, from 60? fahr. to 210? fahr.. 
with steam at atmospheric pressure. 
Filtering and settling chamber. 
Thermometers. n iron case. 
Pressure gauge. 10 in. Ashcroft. 
Floor space. 11 ft. 6 in. by 6 ft. 7 in; 
approximate height, 16 ft. 4 in. 
Weight. Total, 60,000 1b. 
Steam inlet. 12 1п.; outlet, 8 in. 
Water inlet. 8 in., with regulating 
valve: outlet. 10 in. 


Boker FEED Pumps, 4. 


Type. Marine, vertical, double act- 
ing, twin. 

Size. Steam cylinder, 14 in. by 24 in.; 
water cylinder, 10 in. by 24 in. 

Floor Space. 84 in. by 48 in. per pair 
approximate height, 128 in.; weight, 
9800 Ib. per pair. 

Pressure gauge. 10 in. Crosby. 

Nominal capacity. 300 gal. each, at 
40 strokes per min., with steam at 175 
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lb. pressure, 75? superheat, against a 
water pressure of 180 Ib. 


BoriLER FEEp-PuMps, 2. 


Type. Admiralty pattern, pot valve, 
vertical duplex. 

Size. Steam cylinder, 18 in. by 18 in.; 
water cylinder, 12 in. by 18 in. 

Nominal capacity. 600 gal, each, at 
35 strokes per min, Water temperature 
210? fahr. against boiler pressure of 
200 1b. 


FEED-WaATER PIPING. 


Two independent headers from each 
pair of feed-pumps, with cross-connec- 
tions to corresponding header of other 
pairs of pumps. 

Boiler connection. From each header 
system to each boiler. 

Pump connection. Which allows for 
a supply of either hot or cold waterto 
each header system. 


LIVE-STEAM PIPING. 


Wrought iron; welded steain flange 
semi-steel fittings; high-pressure valves 
with by-passes on all above 8 in. diam- 
eter. 

Main header. 16 іп. diameter, in two 
sections, connected by 14 in. loop with 
cut-off valves at each end; cut-off valves 
in header providing for operating inde- 
pendently one engine with four boilers. 

Auxiliary header. 8 in. diameter, 
with connections to service pumps, air- 
pumps, and exciter. 

Boiler connection. Опе to each four 
boilers; 12 in. diameter; 8 ft. radius, 
90° sweep to first battery; 10 in. diam- 
eter to second battery; 7 in. diameter, 
3 ft. 3 in. radius, 180° sweep to each 
boiler; two cut-off valves for each boiler 
and one at header. 

Engine connection. 14 in. diameter, 
6 ft. radius, 90° sweep; 16 in. separator 
supported on springs; trap; 4 in. auxil- 
iary outlet; cut-off valve at header. 

Turbine connection. 12 in. diameter, 
6 ft. 6 in. radius, 180? sweep. Cut-off 
valve at header. Gaskets, asbestos 
center, and double copper jacket. 

Exciter connection. 4 in. diameter 
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from main header; 4 in. separator; 3 in. 
diameter extension to service-pump; 
auxiliary 3 in. diameter connection to 
separator of one engine. 


ExHaustT PIPING. 


Cast iron and riveted sheet-steel with 
cast flanges; copper U-shaped expan- 
sion joints. 

Main engine. 34 in. diameter to 
30 in. relief valve; 36 in. connection to 
condenser; 30 in. connection to header. 

Turbine. 30 in. relief valve; 30 in. 
connection to header. 

Main header. With free exhaust to 
atmosphere at each end of engine-room. 
West end 42 in., east end 54 in. gal- 
vanized exhaust heads. 

Auxiliary header. 12 in. diameter 
connection to heaters; 5 in. diameter 
free exhaust to roof with 5 in. galvan- 
ized head. 

Condenser engines exhaust into heater 
or low-pressure receiver of engines; 
feed-water pumps, into heater; stoker 
engines, under grates. 


PIPE COVERING. 

Live steam piping. Two layers, each 
13 in. thick. 

Exhaust and hot water piping. 
layer, 14 in. thick. 

Material used. 85 per cent. carbo- 
nated magnesia, moulded blocks; with 
outside layer on live stcam piping 
1.5 in. thick, of cork and asbestos 
felt. 

Finish. Fach layer covered with 
canvas, pasted on entire covering; 
joints lapped; flanges and bolts exposed. 
Painted with two coats of lead paint. 


One 


Matin ENGINES, 4. 

Vertical cross-compound condensing 
engines without fly-wheel. 

Nominal capacity. 5000 i.h.p. with 
steam consumption of 114 Ib. per h.p. 
hr., with steam at 175 lb. gauge pres- 
sure and 75? fahr. superheat, exhausting 
at 26 in. vacuum at 741 rev. per min. 

Overload capacity. Of 9000 i.h.p., 
under similar conditions of pressure and 
vacuum, at 73 rev. per min. 
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Diameter of high-pressure cylinder, 
46 in.; low-pressure cylinder, 94 in. 

Stroke. 60 in. | 

Regulate between 76 rev. per min. at 
no load and 73 rev. per min. at 9000 h.p., 
with variation of not over 0.09 of 1 
degree from mean speed. Revolving 
field of generator equivalent to fly- 
wheel weight of 308,000 lb., at radius 
of gyration of 12.2 ft. 

Cylinders. Built up in sections, with 
all valves in the heads. 

Valve-gear.  Reynolds-Corliss, with 
automatic weighted governor operating 
both high-and low-pressure sides. Steam 
and exhaust valves operated by sep- 
arate eccentrics. Motor-operated speed 
control from switchboard. 

Safety butterfly valve, operated by 
independent governor. | 

Pressure gauges. One steam gauge, 
one receiver gauge, one vacuum gauge. 

Floor space. Of 17 ft. by 36 ft.; ap- 
proximate height, 36 ft. 

Journal. Main, 30 in. by 60 in.; cross 
head pins, 14 in. by 14 in.; crank-pins, 
14 in. by 14 in. 

Shaft. 33 in. diameter at hub of re- 
volving ficld. Hollow forged of bessemer 
fluid-compressed steel. Inside diameter, 
14 in. 


CoNDENSERS, 3 (ENGINES 1, 2, 3). 

Jet. Vertical; twin, beam-connected; 
double-acting steam; single-acting air. 

Diameter. Steam cvlinder, 18 in; 
water cylinder, 48 in. 

Stroke. 24 in. 

Guaranteed to operate with a steam 
pressure of 175 lb. and against exhaust 
pressure 40 Ib. 

Floor space. 9 ft. by 11 ft.; approx- 
imate height, 15 ft. 

Valves. Of rubber, 5 in. diameter; 
valve decks of bronze. 

Safety automatic vacuum brake and 
5 in. priming inlet. 


CONDENSER, 1 (ENGINE 4). 


Barometric type. Condenser cham- 
ber attached to engine cylinder. 
Barometric columns. One 16 in. for 
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removal of both air and water; one 20 in. 
for overflow. 


Injectors. 20 in. 
Centrifugal pump. Driven by Ball 
engine. 


Relief valve. 30 in. open air. 30 in. 
free exhaust to header, 4 in. steel- 
riveted pipe. 

Guaranteed to maintain 26 in. vacuum 
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35? cent. rise above room temperature 
of 25°; 1} load, 8 hr., 50? cent.; 14 load, 
1 hr., 42.5? cent. 

Efficiency. At 14 load 96%); full load, 
95.5%; 1 load, 94.5%; 4 load, 92.5%; 
{ load, 88%. 

Regulation. 12% of full-load voltage. 

Armature winding. Formed coils; 
Y-connected. 


Engine Room. 


when condensing 140,000 lb. steam per 
hr., with injection water of 70° fahr. 


ENGINE GENERATORS, 4. 


Alternating current. Three-phase re- 
volving field; fly-wheel type; engine- 
driven. 

Nominal capacity. 3500 kw.; 
amperes, at 75 rev. per min. 

Guaranteed to operate at full load, 
100% power-factor, for 24 hr., with 
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Air-gap. #in.; number of poles, 56. 

Excitation. 125 volts; full load, 100% 
power-factor, 23 kw.; 150% full load, 
50 kw. 

Insulation test. Field, 1500 volts 
alternating-current; armature, 20,200 
volts alternating current for one minute. 

Floor space. 8 ft. by 34 ft.; approx- 
imate height, 34 ft. 

Weight. Total, 480,000 lb.; revolving 
field and shaft, 308,000 Ib.; armature, 
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157,000 Ib.; base and foundation plates, 
15,000 1b. 


TURBINE UNITS, 2. 


Turbines. Curtis type, 5000 kw., 
700 rev. per min., 5-stage, form H-11, 
mounted on base condenser. 

Steam consumption. Per kilowatt- 
hour guaranteed at 175 Ib. pressure, 
2 in. absolute back pressure, 100° fahr. 
superheat, À load, 18.3 1Ы.; full Joad, 
17 1b.; 14 load, 17.5 1b.; variable be- 
tween 4 and 1} load, 17.8 Ib. 

Speed variations, no load to full load, 
guaranteed not to exceed 2%. Sudden 
variation in load may cause 4% mo- 
mentary variation. 

Diameter of Base. 15 ft. 2 in. 

.Runners. Pitch diameter, 11 ft. 6 in. 

‘Pressure gauges. Boiler pressure, 
pressure at entrance to first stage, 
vacuum, step bearing hydraulic pres- 
sure. 

Step bearing. 12 gal. of oil per min. 
at a pressure of 550 Ib. per sq. in. 


Governor. Centrifugal, operating 
valves mechanically. 
Generator. 35-cvcle, three-phase, 


6-pole, 5000 kw., 700 rev. per min., 
13,200 volts, 219 amperes per phase. 
delta-connected. 

Temperature rise above 25? cent. 
guaranteed not to exceed for full load, 
24 hr., 40? cent.; 14 load, 2 hours, 55° 
cent. Unit to carry 100%, overload ap-- 
plied momentarily without injurv. 

Regulation full load to no load, 8%. 
speed and excitation. remaining con- 
stant. | 

Excitation. 125 volts, 38 kw. max- 
mum, wil excite machine at 80% 
power-factor and given overload in 
current. 

Insulation tests. Alternating current 
for one minute, armature, 23,200 volts; 
field, 1500 volts. . 

Net weight of unit 525,000 lb., height. 
29 ft. 

CONDENSERS, 2 (TURBINES). 

Type. Base, 20,000 sq. ft. of surface 
in approximately 5000 No. 18 B. W. 


gauge brass tubes, ] in. outside diam- 
eter. 
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Capacity. 130,000 Ib. steam per hr. 
maximum, with condensing water at 
70? fahr. 

Connections. 36 in. cold-water inlet; 
36 in. overflow; 12 in. vacuum suction: 
6 in. hot-water suction; 30 in. atmo- 
spheric exhaust through 30 in. rchet 
valve. 


Foundation. Concrete. 


TURBINE CONDENSER AUXILIARIES, 2 
SETS. 

Engine. 4-valve Corliss, 19 in. by 
24 in.; fixed cut-off hand adjustment. 
speed 150 rev. per min. maximum, ad- 
justable to 100 rev. per min.; operating 
on 175 lb. steam pressure, 150° fahr. 
superheat, exhausting into feed-water 
heater. | 

Dry vacuum pump. Direct connected 
to engine; 20 in. by 24 in. vertical cylin- 
der; fitted with air-valve gear control- 
ling the three constant points in the 
compression cycle; namely, opening of 
the suction, closing of the suction, and 
closing of the discharge. Vacuum cylin- 
der, water-jacketed. Guaranteed, when 
shut off from condenser to maintain a 
vacuum within J in. of absolute zero 


pressure. Fitted with absolute mer- 
curial gauge. Er 
Circulating pump. 30 in. special. 


volute centrifugal, direct-connected to 
engine shafts with flexible coupling. 
Speed 125 rev. рег min. Enclosed ty pe 
impeller, water pumped 18,000 gal. per 
min. maximum; water level, normal. 
5 ft. below basement floor; lowest, 12 ft. 
below floor. Level on discharge side 4 
ft. below basement floor. ` 

Wet vacuum pump. Horizontal 
4 in. 2-stage, turbine centrifugal pump 
direct-connected with flexible coupling 
to 20 h.p.. 550-volt, direct-current 
motor. Enclosed impeller construction 
arranged to eliminate all end-thrust. 
Maximum capacity 300 gal. per min. 
lifted from bottom of condenser to feed- 
water heater 51 ft. above basement 
floor. 

Thermometers. One on circulation 
water inlet; one on circulation water 
outlet; one in bodv of condenser. 
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HYDRAULIC ACCUMULATOR. 1. 


Ram. 8 in. diameter, 8 ít. stroke; 
with positive stop; brass gland. 

Weighted to give 550 lb. per sq. in. 
pressure. 

Designed for working pressure of 
` 1200 Ib. 


Controlling device. Automatic. 


OILING SYSTEM FOR TURBINES. 


High-pressure system. 550 Ib. per 


sq. in.; supplies oil to step-bearing. 
Two, 


Steam pumps. twin; steam 
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ernors flows into closed settling tanks. 
Pumps draw direct from these tanks. 
Bleeder removes water and sediment 
from bottom of tanks to filter. 
Low-pressure pump supplies oil for 
governors, steady bearings, auxiliaries 
and general lubrication, at 80 lb. pres- 
sure. 
Filters. One. 


ENGINE-DRIVEN EXCITER, 1. 


Engine. 11 in. by 11 in.; 280 rev. per 
min. Vertical, single cylinder type. 


| 
| 


=== 
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or 


hy 
ri ie 


cylinder, 74 in. by 6 in.; oil cylinder, 
2 in. by 6 in. These pumps are con- 
nected in relay so that if one fails to 
. Maintain the required pressure the 
second will start. 

Electric pump. One, triplex; starts 
automatically if accumulator falls below 
predetermined height. 

Discharge from step-bearing and gov- 


Turbine and Auxiliary Connections 


Piston valve and automatic fly-wheel 
governor. Steam pressure, 175 lb.; ex- 
haust against 45 lb. pressure. 

Generator. 50 kw., 6-pole, shunt- 
wound, direct-current generator. Full 
load, 400 amperes, 125 volts; commer- 
cial efficiency, full load, 90%. Insula- 
tion test, 1500 volts for one minute. 

Floor space of set, 98 in. by 55 in; 
height, 99 in. 

Weight of set, complete, 15,200 Ib. 
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Moron-DnivkeN EXCITER SETS, 2. 


Transformers. Three, one-phase, 100 
kw., 13,200 to 460 volts, 35 cycle; air- 
blast, ł ounce pressure. 

Blower. For transformer ventilation, 
700 rev. per min.; operated by a 1 h.p. 
6-pole, three-phase induction motor. 

Induction motor. 300 h.p.; 520 rev. 
per min.; 440 volts; 344 cycles. 

Insulation test; 2000 volts alternating 
current for one minute. 

Full load efficiency; 
power-factor. 

Direct-current generator. — 200-kw., 
8-pole, shunt wound, 520 rev. per min. 

Full load, 1500 amperes; 125 volts. 

Commercial etficiency, 14 load, 91.5% 
1} load, 91.595; full load, 91.595; } load, 
90.5%; load, 874395; 4 load, 82%. 
Insulation test, 1500 volts alternating- 
current for one minute. 

Weight. Total of 
set, 52,000 Ib. 


92% on 100% 


motor-generator 


CRANE. 


Serves engine-room. 

Type. Four-motor electric. 

Capacity. Main hoist, 80,000 Ib.; 
auxiliary hoist, 10,000 Ib.; tested to 
25% overload. 


Span. 65 ft. 
Lift. 60 ft. vertical. 
Bridge. Two-girder, double web. 


Hoisting Rope. Steel wire. 

Net Weight. 105,000 Ib. 

Speed. With maximum rated load in 
feet per minute, main hoist, 8 ft., 35 
h.p. required; auxiliary hoist, 15 ft., 
74 h.p.; bridge travel, 175 ft., 30 h.p.; 
trolley travel, 75 ft., 5 h.p. Speed with- 
out load, main hoist, 16 ft. per min.; 
auxiliary hoist, 30 ft.; bridge travel, 
200 ft.; trolley travel, 100 ft. 

Motors guaranteed to carry full rated 
load for 15 min. continuously; 25% 
overload for 3 min. 


GENERAL SYSTEM ОР HIGH-TENSION 
CONNECTIONS. 


Current from generator at 
volts is conveyed by three-phase 


13,200 
cable 
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to generator oil-switch, to disconnect- 
ing-switches, to bus-bars. 

Bus-bars are divided into three. sec- 
tions by means of oil-switches. 

All incoming and outgoing lines are 
three-phase cables. 

Current from incoming lines from 
water-power station is conveyed through 
disconnecting-switches, oil-switches and 
disconnecting-switches in order. The 
four lines from water-power station 
connect, two on one bus-bar section, 
one on each of the others. 

Current to outgoing lines is conveyed 
from bus-bars through disconnecting- 
switches, oil-switch and disconnecting- 
switches in order. 

In case two or three cables supply a 
sub-station, they are connected on 
different sections of the bus-bars. 

« Static arresters are installed on out- 
going and incoming lines to relieve any 
heavy electrical strains. 

Static ground detectors on bu bar. 

Any piece of high-tension apparatus 
can be disconnected in order to make 
repairs, or for inspection and cleaning. 


STATION SWITCHBOARD. 


One exciter generator panel, 50 kw. 
125 volt. 

Two exciter generator panels, 
125 volt. 

Two induction motor panels, 300 h.p. 
13,200 volts. 

Four alternating-current generator 
panels, 3500 kw. 13,200 volts. 

Two alternating-current turbine gen- 
erator panels, 5000 kw. 13,200 volts. 

Twelve alternating-current outgoing 
line panels, 4500 kw., 13,200 volts. 

Four alternating-current incoming 
line panels, 1650 kw. 13,200 volts. 

One synchronizer. 

One Tirrill regulator and bus- -tieing 
panel. 

All panels are b ue Vermont marble 
and instruments have marine finish. 

A 55-cell storage-battery is installed 
for operating oil-switches. 

Generator and line panels are едш ped 
with polyphase integrating wattmeters 


200 kw. 
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Establishment of a Hise- 
torical Museum 


The attention of all members and 
friends of the Institute is called to the 
following resolutions passed by the 
Board of Directors at its meeting of 
January 25, 1907: 


" Resolved, That the Library Commit- 
tee is hereby authorized to accept on 
behalf of the Institute, donations of 
onginal appparatus, models, photo- 
graphs. manuscripts, printed documents 
and similar exhibits suitable for a 
museum of historical electrical material; 
also to accept the loan of material of the 
same general character which cannot 
be secured by gift. 

" Resolved, That each donation or loan 
accepted under the foregoing resolution 
shall be acknowledged by the Chair- 
man of the Library Committee, speci- 
fying the articles received in sufficient 
detail to ensure subsequent identifica- 
tion, and reciting the conditions of gift 
or loan and acceptance.”’ 


The desirability of such a department 
of the Institute work, permanently in 
charge of the standing committee which 
under the Constitution is responsible 
for all the property of the Institute, 
has been for some years appreciated by 
a few of those old-time members who 
are able to say, regarding the last 
thirty years’ phenomenal growth of 
several branches of the electrical arts, 
" all of which I saw and part of which 
I was." Such men will welcome the 
adoption of a definite policy of utilizing 
a portion of the new fire-proof home of 
the engineering societies, as a secure 
center in which may be gathered and 
preserved some of those '' first things ” 
in electrical apparatus, pictures and 
Manuscripts which have not already 
been destroyed by wear and tear, or 
by committal to the scrap-heap, or by 
fire. Undoubtedly the younger mem- 
bers will recognize quickly the educa- 
tional value of the first exhibits, and 
soon become active in rescuing from 
destruction the comparatively few early 
models and: documents which can at 
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this somewhat late day be found intact 
or useful in some degree from an edu- 
cational standpoint. 

Thus the Museum should and may 
become tributary to the great Engi- 
neering Library which is hereafter to 
constitute so important a feature of the 
forces radiating from the new home of 
the fraternity. In fact, a properly or- 
ganized Museum may be said to merge 
insensibly into an affiliated Library 
through the records, and especially the 
drawings and manuscripts which in 
an important sense are common to 
both. 

The first effective effort in this di- 
rection was made by Past-president 
Wheeler shortly before his retirement 
from office last year, by enlisting the 
sympathetic coóperation of Mr. Ed- 
ward D. Adams and then securing the 
adoption by the Board of Directors, of 
a general resolution which led to the 
later and more specific expression above 
quoted. | 

The Library Committee now invites 
correspondence regarding original relics, 
of the general character specified by 
the resolutions, which can be identified 
as genuine and having a well-authen- 
ticated history. It is not desired to 
secure models or papers simply because 
they are old. To adopt such a course 
would evidently result principally in. 
establishing an electrical junk-shop. 
The purpose is to place the Museum at. 
the outset on a high plane of excellence, 
by judicious selection of available ma- 
terial even though the collection grow 
slowly; by the exercise of special dili- 
gence in gathering and displaying in- 
formation as to the detail of history 
which each exhibit represents; and by 
the provision of adequate protection 
durng many years to come for each 
accepted article. Thus the conditions 
of security, permanency, and access- 
ibility which invite contributions to 
the Library will equally encourage sim- 
ilar donations to the Museum. | 

It is especially desirable that a num- 
ber of exhibits sufficient to constitute 
a substantial] nucleus should be gath- 
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ered during the month of March, to 
afford a concrete illustration of the 
Museum idea and particularly of the 
methods proposed in permanently dis- 
plaving the exhibits. Such a nucleus 
should attract the attention and secure 
the confidence of all members and 
friends who may visit the Engineering 
Societies building during the dedicatory 
exercises in April, or read the published 
accounts of these festivities, and thus 
get their first specific impressions of the 
purposes of the Institute in dedicating 
definite space to relics of the early days 
of electrical development; as well as of 
the facilities which are to be offered for 
observation and study of such relics 
in time to come. 

Each article or group accepted will 
bear the name of the donor, anda careful 
registry will be kept of the conditions, 
if any, under which it has been con- 
tributed; to the end that the wishes of 
the donor regarding it may be kept in 
mind and respected by the Institute, 
in general accordance with the methods 
pursued in the case of articles donated 
to other corporate bodies, such as to 
the Metropolitan Museum of Art. 

]t is to be hoped that the affiliated 
societies, the mechanical and mining 
engineers, will also encourage similar 
collections in their respective fields, and 
eventually become associated with the 
Institute in maintaining a great En- 
gineering Museum on the general plan 
above outlined. 

As a result of many vears' experience 
in the preservation of original appar- 
atus, models, photographs, and docu- 
ments of all descriptions, such as will 
be of great importance in the eventual 
writing of electrical history after legal 
issues as to individual rights shall have 
been settled and faded into obscurity, 
several of the members of the Commit- 
tee are deeply interested in the inception 
and success of this Museum. It is hoped 
this may prove a fortunate circum- 
stance. 

W. J. JENKs, 
Chairman of the Library Committee, 
120 Broadway, New York. 
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Local Organizations . 


UNIVERSITY OF ARKANSAS 


At a meeting of this Branch in the 
Engineers’ Hall on February 6, 1907, 
attended by eighteen members and 
visitors, a general discussion was held 
on the Institute paper entitled “ On 
the Substitution of the Electric Motor 
for the Steam Locomotive.” Professor 
Olney then delivered a lecture on 
“ Electroplating,” illustrating his sub- 
ject by nickelplating various metallic 
articles submitted by th« audience. 


UNIVERSITY OF COLORADO 


Owing to the graduation in 1906 of 
Secretary Forbess, this Branch has re- 
mained inactive during the greater part 
of the last year. At a recent meeting of 
the Students of the Institute, called to 
consider the reviving of the Branch, 
twelve regular Branch members and 
thirty so-called associate Branch mem- · 
bers responded. Mr. J. N. Kellogg was |: 
elected chairman, and Mr. A. C. 
Streamer, secretary. Meetings are sched- 
uled to be held on the first and third 
Wednesdays of every month. 

At the first meeting held this year, 
on January 16, Mr. H. G. Glaze of 
Denver lectured on the '' Mercury Arc 
Rectifier," illustrating his remarks by 
operating the rectifier owned by the 
electrical department of the University. 


CORNELL UNIVERSITY 


The regular monthly meeting of the 
Cornell University Branch was held in 
Franklin Hall on the evening of Feb. 8. 
The paper by Messrs. Stillwell and 
Putnam on '' The Substitution of Elec- 
tric Motors for the Steam Locomotive ” 
was abstracted and discussed. Messrs. 
R. L. Stone, W. €. Kennedy, W. H. 
Balcke, and W. G. Taylor presented 
the four sections of the paper respect- 
ively. Through the courtesy of the New 
York office the Branch had the benefit 
of the discussion at New York, and this 
was abstracted by Professor G. S. 
Macomber. After a general discussion, 
Professor H. Wade Hibbard, head of 
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the Railway Mechanical Engineering 
Department of Sibley Cohege, presented 
the subject from the steam engineer's 
standpoint. 

The interest in the meeting was in- 
tense as was shown by the large at- 
tendance, numbering 214. А business 
meeting preceded the presentation of 
the paper and the matter of the wearing 
of a badge by enrolled students was 
discussed. By an almost unanimous 
vote it was decided that the Cornell 
Branch does not favor the wearing of a 
badge by enrolled students. Another 
important item of business was the elec- 
tion of a student associate to the local 
executive committee. It was the desire 
of the executive committee to have the 
enrolled students officially recognized, 
and they were asked to select from 
among the associates a person who 
could properly present their interests 
at meetings of th. executive committee. 

The local branch continues to grow 
at a healthful rate and now numbers 
approximately 110 members, associates 
and students. It occupies a well estab- 
lished position in the community and 
meets a definite need. It is as much 
social as technical. 

At the next meeting which will be 
held on March 1, it is expected that 
Mr. J. S. Codman of the Schenectady 
Branch will present a paper on the 
general topic ''Charging for Electricity.” 
Mr. Codman will give the Branch the 
benefit of his experience on maximum 
demand indicators and allied subjects. 


UNIVERSITY ОР ILLINOIS 


Fifty-eight members and visitors at- 
tended a meeting of this Branch in the 
electrical engineering laboratory on 
Feb. 12, 1907. The business of the 
meeting was as follows: 

Special Branch business, relative to 
methods of increasing the Branch mem- 
bership. 

An original paper entitled '' Induc- 
tion Motors in Concatenation," pre- 
pared from the thesis of Mr. Hollister 
and R. O. Friend, of the University, 
was presented by Mr. Hollister. 
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The Institute paper entitled, '' On 
the Substitution of the Electric Motor 
for the Steam Locomotive," was ab- 
stracted by Professor E. C. Schmidt of 
the railway engineering department. 

The meetings here are fairly well at- 
tended, by men interested іп the papers 
under discussion. Everything looks 
toward an increasing interest as well as 
an increasing number of members. 


UNIVERSITY OF MISSOURI 


At a meeting of this Branch, on Jan. 
18, 1907, fourteen members and visitors 
discussed the Institute paper entitled, 
‘Recent Investigation of Lightning 
Protective Apparatus." 


Оніо STATE UNIVERSITY 


Four meetings were held by this 
Branch during the fall term, notices of 
which, however, have failed to reach 
the Secretary's office. At one of these 
meetings the following were elected 
officers of the Branch: C. R. Beall, 
chairman; A. R. Knight, secretary; F. 
C. Caldwell, corresponding secretary. 

At a meeting held January 28, eight- 
een members and visitors discussed an 
original paper entitled. '' Insulation," 
presented by E. S. Zuck. Mr. A. D. 
Cranston read President Sheldon's in- 
augural address on '' The Work of the 
Institute." 


PHILADELPHIA 


Sixty-five members and officers at- 
tended a meeting of this Branch at the 
Engineers’ Club, Feb. 11, 1907. The 
following papers were presented and 
discussed : 

" Automatic Electric Block Signals 
on Electric Railways," by Mr. A. 
Parker-Smith of the Eureka Automatic 
Electric Signal Company. 

" Electric Block Signals on Electric 
Railways Operating under Steam Road 
Conditions," by Mr. L. F. Howard, of 
the Union Switch and Signal Company. 

" Herrick Bond-Testing Car," by Mr. 
H. S. Murphy. 


The papers were illustrated with 
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lantern-slides and apparatus in opera- 
tion. 


PITTSBURG 


The regular monthly meeting of the 
Pittsburg Branch was held at Carnegie 
Technical Schools, on Feb. 12, 1907. 
One hundred and twenty-five members 
and visitors listened to an abstract of 
the Institute paper entitled, '' On the 
Substitution of the Electric Motor for 
the Steam Locomotive," by Mr. Mc- 
Laren. Mr. McLaren placed it before 
the meeting in a very satisfactory man- 
ner in about twenty minutes. 

Mr. P. M. Lincoln discussed uo 
paper from standpoint of power trans- 
mission, explaining the different meth- 
ods of electrical application and the 
relative costs of transmitting the energy 
by these different systems, and the 
advantages of the one-phase current 
over that of direct-current or poly- 
phase alternating current. 

Mr. N. W. Storer discussed the elec- 
tric locomotive, pointing out the large 
number of steam locomotives now in 
use, and the present small capacity in 
this country for turning out electric 
locomotives. Mr. Storer also called at- 
tention to the advisability of using 15- 
cycle one-phase current for operating 
these locomotives. He briefly discussed 
the use of polvphase motors, especially 
emphasizing the trouble which would 
be experienced if the car wheels to 
which these motors are attached were 
not of exactly the same diameter. The 
small difference in shp of these motors 
due to variation in size of car-wheel 
would severely overload some motors, 
and perhaps cause шеш to operate 
as generators. | 

Mr. Wm. Cooper discussed the ere 
tiple-control system, pointing out the 
fact that the present steam locomotives 
require six to seven minutes to obtain 
speed of 60 miles per hour, whereas the 
brake used on a railway train brought 
the train to rest in twenty seconds. He 
called attention to the fact that the 
electric locomotive would be able to 
accelerate the train in less than a min- 
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ute. Mr. Cooper enumerated a great 
variety of railway controllers now on 
the market, also the diversity of sys- 
tems of control, and stated that there 
had been a lack of standardization in 
control apparatus, whereas the motors 
for direct-current work had been fairly 
well standardized. 

He also pointed out possibilities of 
automatic signaling and general pro- 
tection of trains operated by electric 
locomotives, among other things being 
the automatic application of the air 
brakes. 


PURDUE UNIVERSITY 


At a meeting of this Branch held 
January 15, 1907, ninety-five members 
and visitors discussed the -Institute 
paper entitled, ‘‘ New Types of Incan- 
descent Lamps." This meeting was 
under the direction of Professor C. P. 
Matthews. 

On Jan. 29, Mr. À. E. Dobbs, editor 
of the Telephone World, gave an inter- 
esting lecture tq a large audience of 
members and visitors on the subject of 
' Lightning, its Peculiarities, and Meth- 
ods of Protection.” 

At another meeting of this Branch, 
held Feb. 5, under the head of '' Execu- 
tive Business," the report of the Com- 
mittee on a Student Pin was read and 
accepted. The Branch voted to secure 
two pages of the 1907 '' Debris ” for 
Branch purposes. Mr. C. E. Hansell 
presented an original paper entitled, 
“ Design of a Hydroelectric Plant.” 


SCHENECTADY 

At the regular weekly meeting of 
the Schenectady Branch, held Jan. 31 
1907, Ernst J. Berg of the General Еес- 
tric Company read a paper on '' Line 
Constants and Abnormal Voltages and 
Currents in High-Potential Transmis- 
sions." This was the second in a series 
of lectures which Mr. Berg is giving 
before the Branch on the generation, 
transmission, transformation, and ap- 
plication of alternating currents. The 
speaker abstracted the text and sup- 
plemented it with explanations of the 
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derivation and use of the formulas and 
their application to practical problems. 
Printed copies of the paper, which dealt 
with the subject mathematically, were 
distributed among the members. 

Among those who discussed the paper 
were Messrs. Steinmetz, Eveleth, Creigh- 
ton, Alexanderson, Summerhayes, and 
Du Bois, and many interesting reminis- 
cences of experiences with high-tension 
lines were recounted. 

[This paper will be printed in a 
future number of the PROCEEDINGS.] 


SEATTLE 


Sixteen. members and visitors at- 
tended a meeting of this Branch, held 
Jan. 8, 1907. 

A report of committee on revision of 
Constitution was made by chairman 
C. E. Magnusson and accepted. 

The Branch voted to hold regular 
monthly meetings on the third Saturday 
instead of the second Tuesday of every 
month. 

The following officers were elected 
for ensuing year: C. E. Magnusson, 
chairman; W. S. Wheeler, secretary; 
5. С. Lindsay, E. С. Allen, John 
Harisberger, executive committee. 

In order to accommodate out-of-town 
members who spend their Sundays in 
Seattle, the Branch will hold its regular 
monthly meeting on the third Saturday 
of every month instead of the second 
Tuesday as heretofore. These mem- 
bers will thus be able to attend the 
regular meeting without making an 
extra trip, by coming in on Saturday 
evening to attend the meeting and then 
Staying over Sunday. 

Steps are being taken by the Branch 
to invite the Institute to hold the 
annual convention in Seattle during the 
Alaska-Yukon-Pacific Fair in the sum- 
mer of the year 1909. The secretary 
of the Branch has been instructed to 
correspond with Secretary Ralph W. 
Pope and find out if the Institute is in 
a position to consider this favorably. 

Although this fair will not be as large 
as the World’s Fair at St. Louis in the 
vear 1904, it will certainly be much 
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larger than the Lewis and Clark Ex- 
position held in Portland, Oregon, dur- 
ing the summer of 1905. 

The discussion of “ Lightning Pro- 
tective Apparatus " at the last meeting 
of the Branch brought out the fact that 
choke-coils in high-tension transmission 
should be done away with as much as 
possible, and the first coil of the trans- 
former should have an extra thickness 
of insulation, as it is this coil that in- 
variably punctures first during lightning 
discharges and surges in the system. 

Mr. Don Middleton of the Indepen- 
dent Telephone Co. left Jan. 19, 1907, 
for the Dakotas, where he will have 
charge of installing automatic telephone 
exchanges until next summer, when we 
expect to have him with us again. 

Mr. O. R. Cole of the Sunset Tele- 
phone and Telegraph Co. has left Seattle 
and is now located permanently in 
California, forwarding the Bell interests. 


SYRACUSE UNIVERSITY 


At the regular meeting of this Branch, 
held in the Smith College of Applied 
Science, Syracuse University, on Jan. 
17, Mr. C. A. Call, '07, gave an abstract 
from the December PROCEEDINGS on 
" Recent Investigation of Lightning 
Protective Apparatus." Mr. H. A. Yoe, 
'07, presented a paper on ''Wireless.. 
Telegraphy.’’ An interesting discussion 
followed the reading of each paper. 

Plans are being made by this Branch 
to visit the Baldwin Locomotive Works: 
and the works of the General Electric 
Company, at Schenectady, N. Y., in the 
near future. | . 

Another meeting of this Branch was 
held Feb. 7, at which twenty-nine 
members and visitors were present. 
Mr. A. B. Bond, electrical engineer of: 
the Niagara, Lockport, and Ontario 
Power Company, talked on the subject 
of “ Methods of Financing Electric: 
Properties.” 


TORONTO 


On Nov. 9, 1906, fifty-one members 
and visitors attended a meeting of this. 
Branch, at which Mr. Corlis G. Keyes. 
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read a paper entitled, '" The Nernst 
Lamp,” written by Mr. A. E. Fleming, 
of Hamilton, who was unavoidably 
absent. Discussion on this paper was 
participated in by  Messrs. Bucke, 
Conried, Aitken, Kitchen, Lambe, An- 
drew, Park, Chase, and Pratt. 


Thirty members and visitors attended 


a meeting of this Branch held at the 
Engineers' Club, Toronto, on Jan. 17, 
1907. 

Mr. A. B. Lambe read an extract of 
Mr. Alex Dow's paper on  ' Direct 
Current Distribution," which was read 
before the Electrical Congress at St. 
Louis, and Mr. K. L. Aitken abstracted 
Mr. Barnes' paper which was read before 
the National Electric Light Associa- 
tion, describing the 250—500 volt sys- 
tem as used by the Narragansett Power 
Co. of Providence, R. I. 

The papers were very interesting, and 
provoked a good deal of discussion, 
which was taken part in by Cecil B. 
Smith, R. G. Black, S. W. Smith, E. W. 
Sothmann, W. A. Bucke, H. F. Strick- 
land, K. L. Aitken, E. Richards, L. W. 
Pratt. 

At a meeting held Feb. 8, 1907, Mr. 
C. H. Mitchel, gave an address on 
European Hydroelectric Power Plants, 
illustrated by a large number of dis- 
solving ‘Views. 


W ASHINGTON 


The first meeting of the Washington 
Branch for the year 1906—1907 was 
held at the George Washington Univer- 
sity on October 19, 1906.  Thirty-six 
members and visitors being present. 

The chairman announced that there 
would be eight meetings during the 
season, each to be in charge of some 
specialist who would be responsible for 
the program of the meeting, and an 
invitation was given to all members to 
suggest appropriate general subjects. 

The subject for this meeting was 
" [llumination," the paper being read 
by Mr. J. E. Woodwell, electrical engi- 
neer of the Treasury Department. 
(This paper had been originally deliv- 
ered before the Society of Illuminating 
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Engineers, on October 12, 1906.) A 
large number of lantern-slides were 
used to illustrate the points of interest. 
The following took part in the discussion 
C. A. Blatchley, on lighting the Bureau 
of Engraving and Printing: A. S. 
Riddle, on lighting the Post Office by 
Cooper Hewitt lamps; W. C. Allen, on 
lighting ot new Union Station; Paul 
Burton, on experiences; Dr. Hyde of 
the Bureau of Standards, on theoretical 
consideration; P. Betts, on factory 
lighting; C. A. Blatchley, on illumination 
of machinery; J. E. Woodwell on Moore 
tube lighting. 

Another meeting was held at the 
National Bureau of Standards on Nov. 
21, 1906, twenty-three members and 
visitors attending. 

No business was transacted and no 
papers were presented. Members ar- 
rived at 8:00 p.m. and spent the time 
until 10:00 p.m. in the various labor- 
atories listening to explanations given 
by those in charge of the respective 
sections of the work. At 10:00 p.m. 
all adjourned to the refectory on the 
fourth floor of the main building, where 
a collation was served. 

A vote of thanks was extended to 
Director Stratton, and his assistants, and 
final adjournmentwas had at 11:00 p.m. 

At another meeting held in the Signal 
Corps Laboratory, 1744 G Street, on 
December 19, 1906, twenty-six members 
and visitors were interested listeners of 
a description and explanation of the 
methods of the signal department. 

No business was transacted. At 8:30 
p.m. Major Russel called the meeting 
to order and commenced the explana- 
tion of the modern fire control system, 
as employed by the Signal Corps in the 
protection of harbors, etc. Explana- 
tions and exhibitions followed, of the 
telautograph, signal corps telephone and 
telegraph systems, wireless telegraph, 
and other methods of signaling em- 
ployed by the U. S. army. 

After a vote of thanks had been ex- 
tended to Major Russel and his force of 
laboratorians, the meeting adjourned 
at 10:45 p.m. 
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The regular meeting of the Washing- 
ton Branch of the American Institute 
of Electrical Engineers was held in the 
Main Hall of the George Washington 
University on the evening of Jan. 24. 

The subject which had been assigned 
` to the meeting was '' Telephony," es- 
pecially the subject of '' Telephony in 
Washington.” i 

Mr. George C. Maynard, electrical 
director of the Smithsonian Institution, 
read an exceedingly interesting paper, 
regarding the early history of the '' Na- 
tional Telephonic Exchange,” the orig- 
inal licensee under the Bell patents for 
the District of Columbia, and of which 
Mr. Maynard was general manager and 
moving spirit for many years. The 
paper recited the great difficulty in 
obtaining fifty people as subscribers to 
the first telephone exchange, which 
was finally opened in November, 1876. 
The instruments used were of three or 
four types manufactured by as many 
different individuals, and the switch- 
board was of the '' peg " type generally 
used in telegraph offices at the time. 
The growth of the system in Washington 
from the modest beginning mentioned, 
until 1883, when it had one thousand 
subscribers, was detailed, and many in- 
cidents of local interest were brought 
out by the author of the paper. . 

Mr. P. G. Burton, division superin- 
tendent of the Chesapeake and Potomac 
Telephone Company, took up the thread 
of the story where Mr. Maynard's paper 
left it, showing the growth of the sys- 
tem from 1883 until the present time. 
Mr. Burton's paper was ilfustrated with 
lantern-slides, showing many of the old 
pole lines which filled the streets of the 
city until a comparatively recent date, 
and with other photographs showing the 
underground system of distribution 
used at the present time. A map was 
also shown, on which was indicated the 
existing conduit system of the company 
with proposed extensions, and also the 
location of present and proposed ex- 
changes. 

Curves were shown, indicating the 
growth of telephony in Washington, 
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and in the United States, from the 
earliest days until the present time, and 
showing that almost half of the total 
number of subscribers in Washington 
have been added to the system during 
the last two years. 

An exhibit of especial interest was a 
section of the first system of under- 
ground wires laid in Washington for 
telephonic purposes, and which con- 
sisted of porcelain diaphragms about 
3.5 in. by 6 in., which were placed four 
feet apart in a wooden trough. "These 
diaphragms were pierced with sixty 
holes, through which were drawn bare 
and cotton-insulated wires, and the boxes 
were then filled with tar. The pro- 
jector of this system had not calculated 
on the great heat of a Washington 
summer, for the first difficulty experi- 
enced with this system was that of the 
tar becoming a fluid, and flowing 
through the diaphragms into the base- 
ment of the exchange. 

Several pieces of old style cable, both - 
rubber and cotton insulated, were 
shown, some of which have been buried 
in the streets since 1883. 

There was also shown a section of 
the so-called ,'' solid system," which 
consisted, of cotton-insulated, saturated- 
core, lead-covered cable, buried in 
asphalt, which was for many years the . 
standard system of underground dis- 
tribution in Washington. 

As a contrast to this, pieces of 
modern 600-pair paper-insulated cable 
were shown. 

The papers were discussed by Messrs. 
F. H. Bethell, and B. W. Trafford, 
vice-president and general manager, re- 
spectively, of the Chesapeake and 
Potomac Telephone Company; also by 
Messrs, E. E. Clement, Colonel Samuel 
Reber, U.S.A., and others. 


ExTRACTS FROM Mr. Burton's TALK, 
JANUARY 24, 1907 


“It is realized that the manual switch- 
board and methods of operation have 
reached a finality, no fundamental 
changes having been made therein for 
at least ten years. During these ten 
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years, automatic apparatus and systems 
of operation have been developed and 
brought into commercial use on a con- 
siderable scale, and although the auto- 
matic apparatus thus made available 
has been admittedlv crude from a me- 
chanical standpoint, and has been un- 
able to furnish certain kinds of service, 
such as four-partv selective pay sta- 
tions, etc., nevertheless it has shown 
its capability for competing with man- 
ual apparatus, and is claimed in many 
cases to produce good results in the 
way of economy of operation and main- 
tenance. The change from standard 
manual equipment to the present type 
of automatic equipment 1s too radical 
to be generally possible. Moreover, if 
there is any advantage beyond the 
amusement of some subscribers in hav- 
ing the subscribers do the work of 
connection, it is not suflicient in the 
great majority of cases to justify the 
sacrifice of good manual equipment. 
From the standpoint of the engineer 
and the manufacturer, it appears also 
an unpardonable error even to think 
of throwing aside all of the standard 
practice most painfully evolved through 
thirty years of hard work by some of 
the most capable men this country has 
ever known. 

The problem of to-day is how to 
utilize the meritorious features of auto- 
matic without sacrificing the good 
points of the manual practice, and with- 
out producing such complete changes 
as to cause losses out of proportion to 
the benefits conferred. 

'The conclusion seems inevitable that 
the system of the future, even of the 
immediate future, will involve a com- 
bination of manual and automatic 
methods, affording a maximum of sim- 
plicitv and therefore economy in the 
subscriber's apparatus, and a maximum 
of efficiency with economy at the cen- 
tral station. 

After two or three lessons any 
American can use a foreign telephone. 
All he has to learn is which end to put 
to his ear and how to keep two or three 
springs’ pressed down all the time he 
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is talking. In England he takes down 
the entire telephone trom the rack and 
holds it the same as a slide trombone. 

In some of the rooms were electric 
hair curlers. A Cleveland man who 
wished to call up the adjoining room on 
the telephone, just to see if the thing 
would work, put the hair curler to his 
ear and began talking into the dynamo. 
There was no response, so he pushed a 
button and nearly ruined his left ear. 
It was a natural mistake. In Europe 
anything attached to a wall is liable 
to be a telephone. 

On the whole, I think our telephonc 
system is superior to that of any for- 
ерп cities. In England ‘hallo’ is 
never used. When an Englishman 
gathers up the ponderous contrivance 
and fits it against his head he asks, ‘ Are 
you there’ ? If the other man answers 
‘No,’ that ends the conversation.” 


Copy or a Notice SENT Out TO THE 
EARLY SUBSCRIBERS, Giving DIREC- 
TIONS FOR USING VARIOUS STYLES OF 
INSTRUMENTS, ALL OF WHICH WERE 
IN USE AT THE TIME 


"The word ' halloo’ being very 
easily heard in the telephone, has come 
into general use to call attention, to 
ascertain if any one 1s listening, etc. g 

'" Signals are made in the following 
manner: 

“Оп the bells with side switches, by 
simply lifting the hand telephone off 
from the switch. The telephone must 
always hang on the switch when not in 
use. 

"On the bels with lower} hook 
switches, by pressing the black button 
firmly once. The switch must be turned 
to the left while conversation is being 
held, and be kept in a perpendicular 
position at all other times. 

“On the bells with the two buttons, 
by pressing the black button firmly 
once. 

“The black button must be held 
down during the conversation. 

“ Оп the magneto bells; by revolving 
the crank and making three taps on the 
button of the lower end ot the box.” . 
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WASHINGTON UNIVERSITY. 


Át a meeting ol tbis Branch, held 
Jan. 2, the tollowing papers were read 
and discussed: 

l. Electrolvsis in Street 
Service. by W. С. Bryan. 

2. Wireless Telegraphy, 
Wright. 


Railwav 
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UNIVERSITY OF WISCONSIN 


The interest in Branch work is grow- 
ing steadily, and our presert scheme 
for arranging the programs is working 
out very satisfactorily.” The plan is to 
have one of the New York papers ab- 
stracted, and an original paper or discus- 
sion by a local engineer, at each of the 
monthly meetings. 

The original papers to date have 
been: 

" General Electric Methods of Test- 
ing.” by Mr. John R. Price, formerly 
with the General Electric Company and 
at present on the instructional staff of 
the University of Wisconsin. 

“ Тһе Development of a Successful 
High-Tension Outlet," by Mr. Alvin 
Meyers, of Provo, Utah. Read in the 
absence ot the author by Professor 
D. С. Jackson. 

“Тһе Electrical Equipment of a 
Modern Battle Ship," by Mr. R. M. 
Klein, formerly of the U. S. Navy De- 
partment, at present on the engineer- 
ing staff of the Northern Electric Co. 

The attendance has been very good 
and the discussions show a lively in- 
terest in the work. 


WORCESTER POLYTECHNIC INSTITUTE 


The regular meeting of the Branch 
was held Monday evening, Feb. 11, 
1907, in the Engineering Lecture Room 
Salisbury Laboratories, with A. P. 
Chapman, president, as presiding officer. 
The paper, '' On the Substitution of the 
Electric Motor for the Steam Loco- 
motive," presented before the Institute 
by Messrs. Stillwell and Putnam, was 
abstracted by Messrs. Haynes, Stocks 
and Smith. A discussion of the question 
followed the presentation of the ab- 
stracts. 
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Minutes of Meeting 
of the Institute 


Meeting of the American Institute 
of Electrical Engineers, held in the 
Auditorium of the Engineers’ Building, 
33 West Thirty-ninth street, New York, 
Friday, January 25, 1907. President 
Sheldon called the meeting to order at 
8:00 o'clock. | 

The Secretary announced that at the 
meeting of the Board of Directors held 
during the afternoon there were 104 
Associates elected, as follows: 
Electrical 
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ADAMS, ROBERT WINTHROP, 
Engineer, D. & W. Fuse Co. 
Melrose St., Providence, R. I. 


ADES, Lewis Henry, Testing Labor- 
atory, Chicago Edison Co.; res., 
6401 Yale Ave., Chicago, Ill. 


ALLARD, ARTHUR, Assistant Engineer 
Mexican Light and Power Co., Juan 
Carbonero 48, Mexico City, D. F. 


ANDERSON, EMANUEL, Assistant Engi- 
neer and Chief Draftsman, Mexican 
Light & Power Co., Mexico D. F. 


ANTHONY, CHARLES CHAPMAN, Inspec- 
tor of Signals, Pennsylvania R.R., 
377 Broad St. Station, Philadelphia, 
Pa. 


AVERILL, REx GILMAN, Technical Wri- 
ter, Westinghouse Elec. and Mfg. Co., 
Pittsburg; res., 1000 South Ave., Wil- 
kinsburg, Pa. 


BELL, Harry LavriELD, Electrical En- 
gineer, Standard Underground Cable 
Co. Westinghouse Bldg., Pittsburg. 


BENDEKE, CARL, Draftsman, New York 
Edison Co., New York City; res., 260 
President St., Brooklyn, N. Y. 

Berry, Epwanp КовіЕ, Chemist, En- 
gineering Laboratory, General Elec- 
tric Co., Lynn; res., 107 Cross St., 
Malden, Mass. 

Bever, Henry, Sales Department, 
Crocker-Wheeler Co., 1315 North 
American Bldg., Philadelphia, Pa. 

BorpMAN, Curtis F., Engineering Ap- 
prentice, Westinghouse Elec. and Mfg 
Co., Pittsburg, Pa. 
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BovpEN, Јонх Hanson, Electrical Pa- 
tent Expett, Meyers, Cushman and 
Rea, 510 McGill Bldg., Washington, 
D. С. ! 

Briccs, ZENAS Marston, Railway En- 
gineering Department, General Elec- 
tric Co., Schenectady, N. Y. 

Brockway, Epwin L., General Feeder 
Foreman N. Y. C. Ry. Co.; res., 213 
W. 104th St., New York City. 


Brown, Frepgric DiLL, Superinten- 
dent, Twin City Rapid Transit Co.; 
res., 3711 Nicollet Ave.. Minneapolis. 


Brown, WALTER THROOP KENDALL, 
Power and Lighting Engineer, Stan- 
ley G. I. Elec. Mfg. Co., Pittsfield, 
Mass. 


Cary, WALTER, General Manager, Saw- 
yer-Man Elec. Co., 510 W. 23d St.; 
res., 16 E. 31st St., New York City. 


CHESTERMAN, FRANCIS JOHN, Electrical 
Engineering Department, American 
Telephone and Telegraph Co., 125 
Milk St., Boston, Mass. 


CLARKE, WILLIAM B., Manager, General 
Electric Co., 1518 Park Bldg., Pitts- 
' burg, Pa. 


COHEN, Doveras Harr, Engineering 
Draughtsman, Westinghouse, Church, 
Kerr & Co.; res., 232 E. 18th St., 
New York Citv. 


CoHEN, Lovis, Librarian, Bureau of 
Standards, Washinyton, D. С. 


COLGAN, JAMES ARTHUR HERBERT. 
Electrical Engineer, Western Electric 
Co., 463 West St.. New York City. 


CORDELL, WirLiAM H., General Fore- 
man. New York Edison Co.; res., 548 
W. 156th St., New York City. 


Сокміск, Terry R., Superintendent 
Transmission Lines, Mexican Light 
and Power Co., San Jose El Real No. 
22, Mexico City, Mex. 


DANIELS, RAYMOND SAFFORD, Electri- 
cian. Washington Water Power Co., 
Post Falls, Idaho. 


DANIELSON, Oscar ALvinx. Engineer, 
Western Electric Co., 463 West St.: 
res.. 54 W. 65th St.. New York City. 
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DAVENPORT, JOHN COOLIDGE, Electrical 
Engineer, Bullock Electric Mfg. Co.; 
res.. 2257 Monroe Ave., Cincinnati, О. 


DEARBORN, RICHARD HAROLD, Assist- 
ant Professor of Electric Engineering, 
University of Oregon, 341 E. 9th St.. 
Eugene, Ore. 


DELLERT, JOSEPH G., Student, Poly- 
technic Institute; res., 76 St. Marks 
Ave., Brooklyn, N. Y. 


DEgwnuvunsT, RICHARD MILEs, Electrical 
Engineer, Standard Underground Ca- 
ble Co., Westinghouse Bldg., Pitts- 
burg, Pa. 

DiNHAM-PERAN, ARTHUR EDWARD HAL- 
LORAN, Electrical Apprentice British 
Westinghouse Electric and Mfg. Co. 
Ltd., '" Bealings '' Southborne-on-Sea 
Christchurch, Hampshire, Eng. 


DreESSNER. Victor Dorsey, Student. 
Polytechnic Institute, Brooklyn; res.. 
202 W. 131st St., New York City. 

Dunn, JOHN FRANKLIN, Draughtsman, 
Westinghouse, Church, Kerr & Со.; 
res., 400 Manhattan Ave.. New York 
City. 

ЕогЕҮ, Н1КАМ SAINE, Superintendent. 
San Ildefonso Division, Mexican 
Light and Power Co., Mexico City, 
Mex. 


Еоков, Bert, Erecting Engineer, Croc- 
ker-Wheeler Co.: res., 601 Racine 
Ave., Chicago, Ill. 


Fox. Mavrice Epwarp, Student, Poly- 
technic Institute, Brooklyn; res., 
Hewletts, L. I., N. Y. 


. GaTEs, WirriaAM FRANKLIN, Tester. 


General Electric Co.. Schenectady. 
N. Y. 

GikRIscH, Отто Tomas, Draughtsman. 
Brooklyn Heights R.R. Co., 85 Clin- 
ton St.. Brooklyn; res., 935 E. 137th 


St.. New York City. 


GILBERT, HENRY Curtis, JR., Depart- 
ment of Electricity, Jamestown Ex- 
position Co., Pine Beach, Va. 


GROSVENOR, GRAHAM, Otis.Elevator Co. 
17 Battery Pl.; res., 126 №. 12th St.. 
New York City. 
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GuLICK, RAYMONDW., Electrical Drafts- 
man, U. S. Navy Yard; res., 44 Fort 
Greene Pl., Brooklyn, N. Y. 


Hart, EpwiN CHAMBERLAYNE, Man- 
ager, Gray National Telautograph 
Co.; res., 4815 Centre Ave., Pittsburg. 
Pa. 


HaMILTON, Носн ре Coursey, Sales 
Engineer, Crocker-Wheeler Co., 1315 
North American Bldg., Philadelphia, 


Hanssen, Ivan Eivinn, Electrical En- 
-gineer, 
Co.; res., 27 Willis St., Pittsfield, Mass 

Henry, ARTHUR SEYMOUR, Construc- 
tion Department, Western Electric 
Co.; res., 634 E. 139th St., New York 
City. | 

HERR, Epwin M., First Vice-president 
Westinghouse Electric and Mfg. Co.; 
res., 140 Hutchinson Ave., Edgewood 
Park, Pa. 


HOLDEN, SAMUEL SPRAGUE, Student, 
Polytechnic Institute; res., 237 Quin- 
cy St., Brooklyn, N. Y. 


Носсн, RosBert Harsison, Instructor 
in Physics, University of Pennsyl- 
vania, Philadelphia, Pa. 


JACKSON, CLARENCE CHARLES, Design- 
ing Engineer, American Transformer 
Co.; res., 59 Burnet St., Newark. 
N. J. | 

Jackson, Henry WuiriNc, Chief Engi- 
neer, Sawyer-Man Electric Co., 510 
W. 23d St, New York City; res., 
16 So. Maple Ave., E. Orange, N. J. 


KeaTING, WILLIAM A., Assistant Dis- 
trict Superintendent, Allegheny Co. 
Light Co., 6812 Frankstown Ave., 
Pittsburg, Pa. 


KENYON, MaxweLL S., Chief Assistant 
Traction Sales, British Westinghouse 
Co. Ltd., Trafford Park, Manchester, 
Eng. 

Kerr, WALTER C., President, Westing- 
house, Church, Kerr & Co., 10 Bridge 


St., New York City; res., Dongan 
Hills, S. L, N. Y. 


. Knapp, Morris Jason, 117) W. Main 
St., Oklahoma City. Okla. 


Stanley С. I. Electric Mfg. 
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Kuniyasu, Uicui, Test Man, General 
Electric Co., Schenectady, N. Y. 


LANDON, Epwin, Instructor in Depart- 
ment of Electricity, School of Sub- 
marine Defense, Fort Totten, N. Y. 


LotTsPEICH, WILEY WALTER, Construct- 
ing Engineer and Superintendent, 
Marion Light and Power Co., Marion, 
N. C. 


MADGE, REGINALD GEORGE, Power Sta- 
tions Superintendent, Mexico Light 
and Power Co.; res., British Club of 
Mexico, Mexico City, Mex. 


DE MAGALHAES, FRANK VASCONCELLOS, 
Testing Bureau, Brooklyn Rapid 
Transit Co.; res., 168 State St., 
Brooklyn, N. Y. 


MAGRAW, LESTER ANDREW, Alternating 
Current Testing. Crocker-Wheeler Co. 
Ampere; res., 29 N. 17th St., East 
Orange, N. J. 


MANSON, DANIEL EpGar, Manager, 
Westinghouse Electric and Mfg. Co., 
Boston; res., 67 Perry St., Brookline, 
Mass. : 


MaTHEY, Epwarpb DuBois, Chief 
Draughtsman Electrical Department 
Westinghouse, Church, Kerr & Со., 
New York City; res., 921 Hudson St., 
Hoboken, N. J. 


MEAD, WILLIAM ALGERNON, Foreman, 
Harry Alexander Co., 18 W. 34th St.; 
res., 405 W. 17th St., New York City. 


McKinstry, ARCHIBALD, Chief Assist- 
ant Plant Department, British West- 
inghouse Electric and Mfg. Co., Man- 
chester, Eng. 


McMorrow, CHARLES P., Construction 
Department, Fort Wayne Electric 
Works; res., 601 W. Washington St., 
Fort Wayne, Ind. 


Moore, GEorGE Ногме5ѕ, Electrical En- 
gineer, Kilbourne and Clark Co., 816 
Ferry Ave., Seattle, Wash. 


Moore, WILLIAM WASHINGTON, Man- 
ager Engineering Department, Wesco 
Supply Co.; res., 4122a McPherson 
Ave.. St. Louis, Mo. 
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MYLER, PauL Jupson, Vice-president 
and General Manager, Canadian West- 
. inghouse Co., Hamilton, Ont. 


NESBIT, ARTHUR FLEMING, Professor of 

. Physics and Electrical Engineering, 
New Hampshire College, Durham, 
N. H. 


‘Nims, FnEDEnICK D., Chief Operating 
Engineer, Mexican Light and Power 
Co., Mexico City, D. F., Mex. 


NODELL, WILLIAM LEoN, Student Poly- 
technic Institute; res., 243 South 4th 
St., Brooklyn, N. Y. 


OLNEY, WiLLiAM Mains, Assistant to 
Division Equipment Engineer, N. Y. 
and N. J. Telephone Co., 547 Clinton 
Ave., Brooklyn, N. Y. 

OscHMANN, WILLIAM OLIVER, Erecting 
Engineer, Allegheny County Light 
Co.; res., 28 Lombard St., Allegheny, 
Pa. 

PARDEE, HARVEY Sasin, Special Elec- 
trical Designing, Tri-State Telephone 

- and Telegraph Co., Minneapolis, Min. 

PARKER, RALZEMOND DRAKE, Instructor 
in Electrical Engineering, University 
of Michigan, Ann Arbor, Mich. 


PETURA, FRANK JOSEPH, Member of Ex- 
perimental Corps, Denver Gas and 
Electric Co., Denver, Colo. 


Pike, DANiEL ELviN, Operator, Western 
Union Telegraph Co., New York; res., 
585 Lafayette Ave., Brooklyn, N. Y. 


POTTER, JOHN Сновсн, Instructor in 
Electrical Engineering, University of 
Wisconsin, Chemical Engineers’ Bldg. 
Madison, Wis. 


RANDALL, JOEL ELMER, Student, Poly- 
technic Institute; res., 313 Sixth Ave., 
Brooklyn, N. Y. 


REED, LEANDER NELSON, Sales Engi- 
neer, Westinghouse Electric and Mfg. 

. Co., Boston; res., 102 Belmont St., 
Somerville, Mass. 


Ruopks, C. Borie, Manager, Willamette 
Valley Со., Dallas, Ore. 


RicuHarps, WALTER JOSEPH, Electrical 
Engineer, Allis-Chalmers Co., Nor- 
wood, O. 
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Ross, JOHN OLIVER Совром, Engineer, 
Otis Elevator Co.; res., 4 Glenwood 
Terrace, Yonkers, N. Y. 


Rorrev, MyLes HERBERT, Assistant, 
British Westinghouse Electric and 


Mfg. Co. Littlecot, Hornchurch, 
Essex, Eng. 
RUSSELL, FRANK Henry, President 


Automatic Hook and Eye Co., Hobo- 
ken; res., 131 Sylvan St., Rutherford, 
N. J. 


RUSSELL, SAMUEL, JR., Manager, Crock- 
er-Wheeler Co., 1315 North American 
Bldg., Philadelphia, Pa. 


ScaALES, HENRY Jackson, Electrical De- 
partment, American Sheet and Tin 
Plate Co., Vandergrift, Pa. 


ScHEEL, HENRY VAN RIPER, Assistant 
to General Superintendent, MacAn- 
drews and Forbes Co., Newark, N. J.; 
res., 970 Park Ave., New York City. 


ScHRODER, BERNARD AucusTUs, Man- 
ager, Crocker-Wheeler Co., Hibernia 
Bank Bldg., New Orleans, La. 


SIDDALL, JOSEPH J., Student, American 
Telephone and Telegraph Co., 147 
East Ave., Pawtucket, R. I. 


Simpson, GEORGE THOMAS, Consulting 
Engineer, 604 Pioneer Press Bldg., 
St. Paul, Minn. 


SMALL, WILLIAM TELFORD, Instructor 
in Electrical Engineering, Purdue Uni- 
versity; res., 427 Russell St., W. La- 
fayette, Ind. 


SMoUT, ALAN, District Mains Superin- 
tendent, County of London Electrical 
Supply Co., Ltd., 3S. Connaught St., 
Hyde Park Sq., W. London, Eng. 


SNYDER, RICHARD ANDREW LEE, Con- 
struction Engineer, Central District & 
Printing Telegraph Co., 1332 Fulton 
Bldg., Pittsburg, Pa. 


STANTON, WILLARD JAMES, General Su- 
perintendent, Corn Belt Telephone 
Co., Waterloo, Ia. 


STONE, Roy Lynne, Student, Cornell 
University; res., 408 Eddy St., Ithaca, 
N.Y. 
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THoMas, Lucian ALvaH, Draughtsman, 
Westinghouse, Church, Kerr & Co.; 
res., 2362 7th Ave., New York City. 

THOMPSON, WiLBvR Hares, Electrical 

` Engineer, Westinghouse Electric and 
Mfg. Co., Pittsburg; res., 1314 Wood 
St., Wilkinsburg, Pa. 

WaLDo, EpwaARD HARDENBERGH, Elec- 
trical Engineer, Crocker- Wheeler Co., 
Ampere; res., Maplewood, N. J. 

WarLACE, JOHN FINDLEY, Chairman, 
Board of Directors, Westinghouse, 
Church, Kerr & Со., 111 Broadway 
New York City. 

WALLACE, WILLIAM MurRRAY, Electrical 
Draftsman, Westinghouse, Church, 
Kerr & Co., 10 Bridge St.; res., 60 E. 
92d St., New York City. 

Watt, Georce Youwc, Student, Poly- 


technic Institute; res., 22 Stuyvesant _ 


Ave., Brooklyn, N. Y. 


WEBSTER, CHARLES CARLTON, Chief En- 
gineer Pumping Station, Department 
of Public Works, Schenectady, N. Y. 


WILLIAMS, SAMUEL Byron, Jr., Tele- 
phone Engineer, Western Electric Co., 
259 So. Clinton St., Chicago, Ill. 


Work, WitLiAM RorH, Instructor in 
Electrical Practice, Carnegie Tech- 
nical Schools, Pittsburg, Pa. 


WRiGHT, Epwin Carew, Electrical En- 
gineer, Allis-Chalmers Co., Cincinnati, 
Ohio. 


YouNnG, FREDERICK VASPASIAN, Elec- 
trical Engineer, Bell Telephone Co. of 
Missouri, 3844 Olive St., St. Louis, Mo 


The Secretary further announced that 
the following Associates were trans- 
ferred to the grade of Member: 


WittiAM Henry BnisTOL, Professor 
of Mathematics and Mechanics, Ste- 
vens Institute, Hoboken, N. J. 


Henry Sr. CLAIR Putnam, Consulting 
Electrical Engineer, 100 Broadway, 
New York City. 


PRESIDENT SHELDON: It has been 
previously announced that the Institute 
would not hold any of its meetings in 
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this building until after its formal dedi- 
cation on April 16. Inasmuch, however, 
as the auditoriums were prepared for 
our reception, it has seemed desirable 
that we should occupy them in spite 
of that statement. It is fortunate that 
the paper at our first meeting in this 
building should be of such a character 
that it is eminently proper for us to 
invite as our guests and welcome here 
the members of the American Society 
of Civil Engineers, the American In- 
stitute of Mining Engineers, the Amer- 
ican Society of Mechanical Engineers, 
the New York Electrical Society, the 
New York Railroad Club, and the 
Transportation Club. A paper of such 
interest as to bring these wide interests. 
together emphasizes the necessity for a 
building of this kind, and it is a matter 
of great satisfaction and pleasure that 
the necessity which existed has been 
met by the beneficence of Mr. Carnegie. 

The title of the paper of the eve- 
ning is '' On the Substitution of the 
Electric Motor for the Steam Locomo- 
tive," by Lewis B. Stillwell and Henry 
St. Clair Putnam, Through the able 
efforts of the Committee on Papers, Mr. 
H. G. Stott, chairman, the consent to 
discuss this paper has been obtained 
from a large number of engineers emi-. 
nently qualified for this purpose. This 
embarrassment of riches will necessitate 
a time-limit of ten minutes being im- 
posed upon those who succeed Mr., 
Frank J. Sprague, who will begin the. 
discussion. 


Library Committee 
The Library Committee of the Insti- 
tute is charged this year with the exe-. 
cution of several important tasks. This. 
will be better understood by examina- 
tion of the following list of its sub- 
committees, some of which have been 
active since the opening of the Institute 
fiscal year, while others now find their 
work beginning with the actual removal 

of the Library to its new home: 
1. Purchase of furniture and floor 
covering for the Institute offices 
Edward Caldwell, Frank N. Waterman. 
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2. Library subscriptions, purchases, 
and donations: Edward Caldwell, C. A. 
Terry. 

3. Increased Library utility: Profes- 
sor Charles F. Chandler, C. A. Terry. 

4. Historical museum: F. N. Water- 
man, W. J. Jenks. 

The removal of the books and stacks 
from 95 Liberty Street is now com- 
pleted, and the Library will be in con- 
dition for general use by the time this 
issue is received by members. 

The delivery of office furnishings will 
be completed before March 1, and the 
Institute is to be congratulated on the 
initial equipment which is of elegant 
and substantial character and appears 
sufficient to meet the demands of the 
next few years, and, in some of its 
features, for the necessities of a long 
time to come. 

The work of bringing the text-books 
fully up to date is being seriously dis- 
cussed and should engage the attention 
of all members who desire to participate 
in supplying many modern publications 
which will, when provided, be con- 
stantly consulted. 

Closely akin to this is the work of 
devising and putting into practice plans 
for enabling members at a distance who 
can not consult the Library in person, 
to secure many benefits from a liberal 
equipment and maintenance. This is 
justly regarded as one of the most vital 
questions now before the Committee, 
and a report will be awaited with great 
interest. 

That the essentials of the proposed 
Historical Museum are clearly appreci- 
ated and will be kept before the Insti- 
tute will appear by reading the letter 
on this subject printed in another col- 
umn. Ifa tangible beginning is to be 
made before the April ceremonies, the 
correspondence which the Committee 
thus invites should be promptly opened 
with the chairman by each member or 
friend of the Institute who is able to 
donate or loan any relic of permanent 
interest, stating the terms upon which 
his contribution will be made, and the 
available sources of accurate informa- 
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tion as to its authenticity and import- 
ance. 

The amount of work already accom- 
plished in these various directions since 
October 1 has been made possible by 
the cordial co-operation of Charles L. 
Clarke, who though not a member of the 
Library Committee, has acted as its 
secretary and greatly assisted during 
the period of removal activity. 

About December 1, on the resignation 
of Miss Bragg, Miss Jessie R. Hammett 
assumed the duties of librarian and has 
demonstrated her fitness for that in- 
creasingly important position. 


High-Tension Transmis- 
sion Committee 

The High-Tension Transmission Com- 
mittee has arranged with the Committee 
on Papers and Meetings to hold a spe- 
cial meeting of the Institute in the 
Auditorium of the Engineers’ Building, 
33 West Thirty-ninth Street, New 
York, on Friday, March 22, 1907, at 
8 o'clock. This meeting, to be held 
under the auspices of the High-Tension 
Transmission Committee, will be de- 
voted solely to matters relating to high- 
tension transmission, and the discus- 
sion will be limited to the subjects con- 
tained in the following two '' Introduc- 
tions to Discussion: "' 

1. "Feasibility of Winding Large 
Generators for 20,000 Volts," by B. A. 
Behrend, chief engineer and chief de- 
signer, Bullock Electric Manufacturing 
Company, Cincinnati. O. 

2. '" Motor-Generators versus Syn- 
chronous Converters, with Special Ref- 
erence to Operation on Long-Distance 
Transmission Lines," by P. M. Lincoln, 
engineer with Westinghouse Electric 


and Manufacturing Company, Pitts- 
burg, Pa. 
At the request of Mr. Ralph D. 


Mershon, chairman of the High-Tension 
Transmission Committee, the Secretary 
urges all members of the Institute fa- 
miliar with the matters referred to in 
these papers to assist the High-Tension 
Transmission Committee in its im- 


portant work by contributing to the 
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discussion, either verbally at the meet- 
ing, or, if this is not convenient, by a 
written contribution. If the contribu- 
tion is to be a verbal one, the Secretary 
asks that he be notified of that fact by 
the contributor. If the contribution is 
to be a written one, it should be sent 
to Mr. Mershon, at his office, 60 Wall 
Street, New York, so that it will reach 
him on or before March 18, 1907. 

Both these papers are printed in this 
issue of the PROCEEDINGS. Contributors 
are particularly requested to read the 
"Explanation" printed on the page 
preceding the first page of each `“ Intro- 
duction.” 


The second special meeting of the 
Institute under the auspices of the High- 
Tension Transmission Committee, will 
be held in Chicago in conjunction with 
a meeting of the Chicago Branch some 
time in Мау. 1907. The date of this 
meeting is not yet definitely decided. 
An extended notice of this meeting, in- 
cluding the titles of ** Introductions " 
to be discussed, as well as the ** Intro- 
ductions " themselves, will be published 
m the March issue of the PROCEEDINGS. 


The third meeting will be held at the 
time of the Annual Convention, at least 
one entire day being devoted to High- 
Tension Transmission matters. The 
titles of the " Introductions " to be dis- 
cussed, as well as the '' Introductions '' 
themselves, will be published in the 
April issue of the PROCEEDINGS. 


Institute Meetings 
The following schedule has been pre- 
pared by the Committee on Papers 
subject to possible change due to un- 
foreseen contingencies: 
February Meeting. March 1, 1907: 


Alternating-Current Electrolysis, by _ 


J. Le R. Hayden. 


Electrolytic Corrosion of Iron and 
Steel in Concrete, by A. A. Knudson. 


Some Theoretical Notes on the Re- 
duction of Earth Currents from Elec- 
tric Railway Circuits by Means of 
Return Feeders, by Geo. I. Rhodes. 
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High-Tension Transmission Committee. . 
March 22, 1907: 
Possibility of Winding Large Gener- 


ators for 20,000 Volts, by B. A. 
Behrend. 
Motor-Generators vs. Synchronous 


Converters, with Special Reference 
to Operation on Long-Distance Trans- 
mission Lines, by P. M. Lincoln. 


March Meeting. March 29, 1907: 
Lightning and Lightning Protection, 
by C. P. Steinmetz, E. E. F. Creigh- 
ton, and D. B. Rushmore. 

April Meeting. April 26, 1907: 

Facts and Problems Relating to Elec- 
tric Trunk-Line Operation, by F. J. 
Sprague. 

May Meeting. May 24, 1907: 

Some Aspects of Parallel Operation. 
by B. A. Behrend and A. B. Field. 
Zigzag Leakage of Induction Motors, 
by В. E. Helmund. | 

Annual Convention 

Papers Committee, 

Rowland Telegraphic System and its 
Apparatus, by Frank M. Potts. 
Some Power Transmission Econom- 
ics, by F. G. Baum. 

Notes on Transformer Testing, by 
H. W. Tobey. | 
One-phase, — High-Tension Power 
Transmission, by E. J. Young. 

Ten Years of Niagara Power, by H. 
B. Alverson. 

Fractional Pitch Windings for In- 
duction Motors and Alternators, by 
C. A. Adams. 

Attitude of Techmical Schools toward 
the Profession of Electrical Engineer- 
ing, by Н. Н. Norris апа Vladmir 
Karapetoff. 

Engineering Specifications, by C. W. 
Ricker. 

Vector Diagrams of One-Phase 
Commutating Motor, by W. I. Slich- 
ter. 

Inductive Disturbances in. Telephone 
Lines, by Louis Cohen. 

And others. 
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High-Tension Transmission Committee, 
Extra Insulation of End-Turns of 
Transfor ner Windings as a Substi- 
tute for Lightning-Arrester Choke- 
Coils, by S. M. Kintner. 

Extra Insulation of End-Turns of 
Transformer Windings as a Substi- 
tute for Lightning-Arrester Choke- 
Coils, by Walter S. Moody. 

Relative Advantages of One-Phase 
and Three-Phase Transformers, by 
H. W. Tobey. 

Relative Advantages of One-Phase 
and Three-Phase Transformers, by 
John S. Peck. 

Forced Oil and Forced Water Circu- 
lation for Cooling Oil-Insulated Trans- 
formers, by C. C. Chesney. 
Transmission Line Towers and Eco- 
nomical Spans, by D. R. Scholes. 


Applications for Election 


Applications have been received by 
the Secretary from the following can- 
didates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting 
to the election of any of these candi- 
dates should so inform the Secretary 
before March 29, 1907. 


W. L. Macon, Philadelphia, Pa. 
A. R. McElhany, Mexico, Mex. 
G. W. Carter, Pittsfield, Mass. 
Carl Huper, Minneapolis, Minn. 

4 A. J. Loquin, Wilkinsburg. Pa. 
R. A. Morehead, Los Angeles, Cal. 
A. L. Pearson, W. Somerville, Mass 
Harry Symes, Niagara Falls, Ont. 
F. G. Stieler, Wilkinsburg, Pa. 
R. H. Sclater, Hampton, Va. 
H.C. Van Weelden, Brooklyn, N.Y 
O. Kuhn, New York City. 

B. Liebermann, E. Orange, N.J. 
O. Collett, Columbia, Mo. 

J. Clark, Toronto, Ont. 

R. Scholes, Chicago, Ill. 

W. Trafford, Washington, D. C. 
W. Brown, Pittsburg, Pa. 
5738 W. M. Craft, New York City. 
5739 J. V. B. Duer, Hempstead, L.I. 
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D. G. Hurlbatt, Kent, England. 
J. B. Kittelberger, Pittsburg, Pa. 
Hajime Minami, Osaka, Japan. 
E. J. K. Mason, New York City. 
D. R. Pringle, Thomasville, Ga. 
O. C. Roff, Schenectady, N. Y. 
R. G. Stewart, Memphis, Tenn. 
A. W. Tyler, Oakfield, N. Y. 

F. W. Gardiner, New York City. 
Frank Koester, New York City. 

I. E. Powell, Rochester, N. Y. 

R. M. Phinney, Boone, Ia. 

E. B. Rich, Boone, Ia. 

H. L. Beach, Wilkinsburg, Pa. 
U. H. Davenport, Athens, Ga. 
J. W. Herman, Schenectady, N. Y. 
Ernst Woltman, New York City. 
H. S. White, Greenville, S. C. 

G. W. Martin, Brooklyn, N. Y. 
M. E. Mousselet, Wilkinsburg, Pa. 
C. H. Peddrick, Jr., Glens Falls. 
R. R. Poppleton, Portland, Ore. 
Wm. Aitken, Egremont, Eng. 

J. V. Anderson, Salt Lake City. 
W. J. Berry, Brooklyn, N. Y. 
Wm. Clayton, W. Lynn, Mass. 
H. N. Crandall, Baker City, Ore. 
A. J. Faulder, New York City. 
J. €. Gapen, Oak Park, Ill. 

A. Huntington, Sioux Falls, S. D. 
W. Е. Hynes, E. Norwood, О. 

D. L. Keiser, Pittsburg. Pa. 

W. B. Kirkpatrick, New York City 
F. Longbotham, Brooklyn, N. Y. 
G. Mazzolani, Rome, Italy. 


5 E. D. Meyer, Chicago, Ill. 


F. A. Merrick, Hamilton, Ont. 
B. €. Nowlan, Chicago, Ill. 
W. McD. Nathan, Oakfield, N. Y. 
W. J. Poole, Glasgow, Scotland. 
H. Pierson, Manchester, Eng. 
J. S. Riddle, New York City. 
G. W. Simpson, Philadelphia, Pa. 
Smart, Joliette, Can. 
Smith, Indian Head, Md. 
Thayer, New York City. 
Urquhart, Manton, Cal. 
S. A. Williams, Jackson, Miss. 
Wm. Butler, Lockport, N. Y. 
H. Dingle, E. Orange, N. J. 
C. P. Fowler, Wilkinsburg, Pa. 
L. L. Newman, Washington, D. С. 
W. C. Smith, New York City. 


J. С. 
A.J. ! 
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5793 Otto Wiemer, Alton, Ill. 

5794 F. G. McRae, Albany, N. Y. 
5795 Н. S. Brown, Toronto, Ont. 
5796 H. W. Brown, Butte, Mont. 
5797 E. J. Coleman, New York City. 
5798 Per Frenell, Stockholm, Sweden. 
5799 H. C. Franklin, Indianapolis, Ind. 


5800 H. B. Foote, Schenectady, N. Y. 
W. H. Horton, Rutland, Vt. 
5802 L. E. Knapp, Buffalo, N. Y. 
5803 E.C.Laudenberger, W. Lynn, Mass 
5804 P. B. Rice, Altoona, Pa. 
5805 M. P. Sheridan, Mexico, D. F. Mex 
5806 J. H. Seaman, New Orleans, La. 
5807 W. McA. Smith, New York City. 
5808 D. F. Atkins, Omaha, Neb. 
5809 J. S. Francis, Philadelphia, Pa. 
5810 J. M. Gaylord, Boston, Mass. 
5811 F. Gange, Schenectady, N. Y. 
5812 А. P. Joseph, Schenectady, N. Y. 
5813 W. M. Lehder, Schenectady, N. Y. 
5814 C. P. Nachod, Philadelphia, Pa. 
9815 E. R. Spencer, Pittsburg, Pa. 
5816 M. M. Samuels, Schenectady, N. Y 
5817 Е. A. Keyes, New York City. 
5518 C. Е. Lambert, Wilkinsburg, Pa. 
3819 H. P. Baker, Boston, Mass. 
5820 С. W. DeLacey, New York City. 
3821 R. Dickerson, Brooklyn, N. Y. 
2822 L. Н. Lathrop, Milwaukee, Wis. 
5823 Н. M. Raymond, Chicago, Ill. 
5824 С. №. Scott, Norwood, О. 
3825 J. Н. Wily, So. Bethlehem, Pa. 
3826 Ernest Lunn, Chicago, Ill. 
2827 W.G. Winter, St. Louis, Mo. 
5828 T. M. Bains, Jr., Goldfield, Nev. 
2829 Е. J. Baker, Chicago, IIl. 
5830 H. L. Hull, Jr., Fort Worth, Texas 
9831 L. C. Tomlinson, Oakland, Cal. 
5532 E. J. Ryan, Detroit, Mich. 
5533 M. B. Beattie, Louisville, Ky. 
7834 Earnest Davis, Chicago, Ill. 


5835 D. D. Gibson, Jr., Wilkinsburg, Pa. 
5836 Н.Е. Helweg-Fahnoi, Newark, N.]. 


2537 M. W. Haddock, Boston, Mass. 
3838 G. W. Remington, Schenectady. 


5839 Antonio Ribot, Schenectady, N.Y. 
2540 J. de V. Arizpe, Wilkinsburg, Pa. · 
9841 David Basch, Schenectady, N. Y. 
5842 J. C. Davidson, Brooklyn, №. Y. 


2843 Н. L. Fullerton, Pittsburg, Pa. 
2844 I. P. Hazard, Cincinnati, О. 
3845 J. F. Hyland, Medford, Mass. 
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5846 V. H. Hurdell, Wilkes-Barre, Pa. 
5847 F. J. Heavens, Pittsburg, Pa. 
9848 Joseph Keal, Jr., Brooklyn, N. Y. 
5849 R. E. Manley, Hanover, Pa. 
5850 J. L. McQuarrie, Chicago, Ill. 
5851 W. T. Ryan, Minneapolis, Minn. 
5852 G. B. Wilkins, Morris Park, N. Y, 
Total, 133. 


Applications for Transfer 
Recommended for transfer by the 
Board of Examiners, Feb. 8, 1907. 
Any objection to these transfers should 
be filed at once with the Secretary. 
ALEXANDER Suss LANGsvorF, Professor 
of Electrical Engineering. Washing- 
ton University, St. Louis, Mo. 

LesLie LAWRENCE Perry, Electrical 
Engineer with F. S. Pearson, 25 
Broad Street, New York City. 


Personal 


Mr. Мил. SpALDING has removed 
from Bloomington to Decatur, Ill., with 
the Illinois Traction System. 


Мв. J. EvcENE WALLACE, Engineer, 
of Brooklyn, N. Y., is now located at 
1 Nassau Street, New York City. 

Mr. J. К. WurirEHEAD has left New 
York, and is in the office of the chief 
signal officer at Washington, D. C. 


Mn .RiIcHARD M. Hopkins has changed 
his address from Baltimore, Md., to 520 
West 175th Street, New York City. 

Mr. CLaxton E. ALLeNn has left 
Lynn, Mass., and is now with the Gen- 
eral Electric Company. at Schenectady, 
М.Ү. 

Мк. С. A. SCHNEIDER, formerly at 
San Francisco, Cal, has removed to 
Los Angeles, with the California Elec- 
tric Company. 


Mr. J. К. Вкооснтом has been trans- 
ferred from the Telluride, Colorado, 
office of the Telluride Power Company 
to Ames, Colorado. 
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Mn. Isaac M. CassEL has gone from 
Lynn, Mass., to the supply department 
of the General Electric Company, 
Schenectady, N. Y. 


Mr. Н. A. Dressacnu, formerly elec- 
trician for B. Altman and Company, is 
now electrician for Van Dyck and 
Severn, New York City. 


Mr. E. D. BEVENUE-MILLER, formerly 
with Kilburn and Company, at Calcutta, 
India, has removed to Cawnpore, India, 
as engineer for that firm. 

MR. Care A. SCHNEIDER has gone 
from Montana to New Haven, Conn., 
where he is associated with the Consoli- 
dated Railway Company. 


Mr. J. E. McGirLivRAY has removed 
from the Telephone building at Walla 
Walla, Washington, to 125 Boren Ave- 
nue, North, Seattle, Wash. 


Mr. FLETCHER G. Rusu has left 
Birmingham, Ala., and is acting as spe- 
cial agent for the Hartford Fire Insur- 
ance Company, at Atlanta, Ga. 


Mr. C. V. Mitis. formerly of Chester. 
Pa., is now manager and superintendent 
of the Lowell and Fitchburg Street 
Railway Company, at Aver, Mass. 


Mr. FREDERICK W. Ниг, formerly 
with the General Electric Company at 
Chicago, Ill., has established offices at 
Dubuque, Iowa, as a consulting engineer. 


Mr. Hangorp B. VINCENT, formerly 
with the Niagara Construction Company, 
Ontario has removed to Buffalo, N. Y., 
with the Iroquois Construction Com- 


pany. 


Mr. NORMANN MALCOLM has left 
Havana, Cuba, and is engineer with 
George M. Painter, contractor, 423 
Chamber of Commerce Building. Chi- 
cago, Ill. 
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Mr. H. W. Young, formerly with the 
Westinghouse Electric and Manufac- 
turing Company at Boston, Mass., has 
removed to the Pittsburg office of that 


company. 


Mr. Georce Н. Crain has left the 
Yonkers, N. Y., office of the Otis Ele- 
vator Company, to enter the estimating 
department of that company in New 
York City. 


Mr. PauL CHEEVER, formerly with 
the Ontario Power Company, at Niagara 
Falls Centre, is now assistant engineer 
with the Telluride Power Company, at 
Altman, N. Y. 


Mr. H. N. Latey, formerly with the 
Interborough Rapid Transit Company. 
is now senior partner, firm of Latey and 
Slater, engineers, at 100 Broadway. 
New York City. 


Mr. M. Е. M. WertH has removed 
from Baltimore to New York City, 
where he is engaged as superintendent 
of construction for the Witherbee Ig- 
niter Company. 


Mr. CHARLES K. STEARNS, mechan- 
ical and electrical engineer, has moved 
his office from 93 Federal street to 88 
Broad street, Broad Exchange build- 
ing, Boston, Mass. 

* 

Mr. BENJAMIN K. HouGu has left 
New York City, and is associated with 
the Edison Electric Illuminating Com- 
pany, at Boston, Mass., and will reside 
at Brookline, Mass. 


Mr. Miran К. Bump, formerly with 
the Denver Gas and Electric Company 
of Denver, Colorado, is now associated 
with Henry L. Doherty and Company, 
at 60 Wall Street, New York. 


Mr. FrepericK Н. СовіЕ, formerly 
testing engineer with the Brooklyn 
Rapid Transit Company, has gone to 
Baltimore, Md., as assistant to super- 
intendent of power, with L. B. Stillwell. 
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Mr. Joun D. IHLDER, consulting 
electrical engineer with the Otis Ele- 
vator Company, has changed his ad- 
dress from Yonkers to the offices of that 
company. 17 Battery Place, New York 
City. 


Mr. Francis J. МнітЕ, formerly 
with the Gould Storage Battery Com- 
pany, is now in the electrical depart- 
ment of the New York Central and 
Hudson River Railroad Company, New 
York. 


Mr. NorMAN N. Ross, formerly dis- 
trict engineer with the Stanley G. I. 
Electric Manufacturing Company, at 
Cincinnati, is now electrical engineer 
for the General Electric Company, in 
that city. 


MR. JAMES S. FiTZMAURICE, local 
honorary secretary at Sydney, New 
South Wales, has been appointed to the 
position of assistant electrical engineer 
in the postmaster general's department 
at that place. 


Mr. МАТЕК D. STEELE, formerly 
with Westinghouse, Church, Kerr and 
Company, 10 Bridge street, New York, 
is now with the Benjamin Electric 
Manufacturing Company, 42 West Jack- 
son boulevard, Chicago, Ill. 


Mn. Francis J. ADAMS has changed 
his address from Westinghouse Electric 
and Manufacturing Company, East 
Pittsburg, Pa., to the Department of 
electrical engineering, Worcester Poly- 
technic Institute, Worcester, Mass. 


Mr. Epwarp Е. ScuHNUCK has re- 
signed his position as General Superin- 
tendent of Arbuckle Brothers in Brook- 
lyn, N. Y., and has accepted the posi- 
tion of director with Jabez Burns and 
Sons, 542 Greenwich Street, New York 
City. 


Mr. С. К. КАргЕҮ has changed his 
occupation from foreman of meter and 
testing department of the Milwaukee 
Electric Railway and Light Company, 
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to that of designing electrical engineer, 
with the Cutler-Hammer Company, of 
Milwaukee. 


Mr. Henry DockEeR JACKSON has 
moved his office from 4 State street, 
to Broad Exchange building, Boston, 
Mass., where he will continue his busi- 
ness as consulting electrical engineer 
with special reference to improvement 
in power plant economy, mill work, and 
power distribution for electric rail- 
ways and lighting plants. 


Obituary 

Lewis CAMMANN WHITEHOUSE, who 
was elected an Associate April 23, 1903, 
while a senior at the Stevens Institute 
of Technology, died recently in New 
York City. Mr. Whitehouse was born 
at New Brighton, Staten Island, June 
21, 1882, and studied four years at the 
Staten Island Academy from which he 
was graduated in June 1899, and en- 
tered Stevens Institute the same year. 


I see much good to come from the 
growth of the professional spir.t in cor- 
porate management. The professional 
spirit is in its essence the sense of trustee- 
ship. When the professional man takes 
in trust the affairs of his client, that 
trust becomes more binding upon him 
than his own personal interests. I am 
often amazed when I think of the vital 
force of this professional spirit of trustee- 
ship. I am often astonished when I 
think of the great number of very com- 
monplace men who work along year 
by year with sustained devotion to a 
true standard of professional duty. It 
confirms my faith in the notion that 
the mass of mankind like to do their 
duty if they can only know what it 1s, 
and that the mass of mankind desire 
the approbation of noble minds. It 1s 
my impression that the true professional 
spirit is at least as strong amongst engi- 
neers as in any other profession, and I 
am often tempted to think that it is 
stronger. Here then we see still another 
reason to look forward to the leader- 
ship of the engineer.—Henry G. Prout. 
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Officers and Board of 
Directors, 1906-1907. 


PRESIDENT. 


Term expires 1907. 
SAMUEL SHELDON, Brooklyn, N. Y. 


JUNIOR PAST-PRESIDENTS. 


JOHN W. LIEB, JR., New York, N. Y. 
SCHUYLER S. WHEELER, Ampere, N. J. 


VICE-PRESIDENTS. 


Term expires 1907. 
CHARLES A. TERRY, New York, N. Y. 
TOWNSEND WOLCOTT, New York, N. Y. 
GANO DUNN, Ampere, N. J. 


Term expires 1908. 
A. H. ARMSTRONG, Schenectady, N. Y. 
FRANK С. BAUM, San Francisco, Cal. 
H. H. HUMPHREY, St. Louis, Mo. 


MANAGERS. 


Term expires 1907. 
C. O. MAILLOUX, New York, N. Y. 
HENRY G. STOTT, New York, N. Y. 
JAMES G. WHITE, New York, N. Y. 
LOUIS A. FERGUSON, Chicago, Ill. 


Term expires 1908. 
CUMMINGS C. CHESNEY, Pittsfield, Mass. 
BANCROFT GHERARDI, New York, N Y. 
CALVERT TOWNLEY, New Haven, Conn. 
CHARLES L. EDGAR, Boston, Mass. 


| Term expires 1909. 

A. M. SCHOEN, Atlanta, Ga. 
PAUL SPENCER, Philadelphia, Pa. 
JOHN J. CARTY, New York, N. Y. 
PAUL M. LINCOLN, Pittsburg, Pa. 


TREASURER. 


Term expires 1907. 
GEORGE A. HAMILTON, New York, N. Y. 


SECRETARY. 


Term expires 1907. 
. RALPH W. POPE, New York, N. Y. 


Past-Presidents. 


NORVIN GREEN, 1884-5-6. 
FRANKLIN L. POPE, 1886-7. 
T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 
ELIHU THOMSON, 1889-90. 

W. A. ANTHONY, 1890-91. 
ALEX. GRAHAM BELL, 1891-2. 
FRANK J. SPRAGUE, 1892-3. 
EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 
FRANCIS B. CROCKER, 1897-8. 
A. E. KENNELLY, 1898-1900. 
CARL HERING, 1900-1901. 
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CHARLES P. STEINMETZ, 1901-2 
CHARLES F. SCOTT, 1902-3. E 
BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, JR., 1904-5. 

SCHUYLER S. WHEELER, 1905-6. 


GENERAL COUNSEL, 
PARKER and AARON, New York, N. Y. 


Standing Committees. 


EXECUTIVE COMMITTEE. 


SAMUEL SHELDON, Chairman, | 
Polytechnic Institute, Brooklyn, N. Y. 
JOHN J. CARTY, New York, N. Y. 
GEORGE A. HAMILTON, New York, N. Y. 
RALPH W. POPE, New York, N. Y. 
HENRY G. STOTT, New York, N. Y. 
CHARLES A. TERRY, New York, N. Y. 
CALVERT TOWNLEY, New Haven, Conn. 


COMMITTEE ON FINANCE. 


JOHN J. CARTY, Chairman, 

18 Cortlandt St., New York, N. Y. 
GANO DUNN, Ampere, N. J. 
JAMES G. WHITE, New York, N. Y. 


COMMITTEE ON PAPERS. 


HENRY G. STOTT, Chairman, 

600 W. 59th St., New York, N. Y. 
BERNHARD A. BEHREND, Norwood, O. 
HENRY A. LARDNER, New York, N. Y 
PAUL M. LINCOLN, Pittsburg, Pa. 

E. WILBUR RICE. JR., Schenectady, N. Y. 


BOARD OF-EXAMINERS. 


WILLIAM MAVER, JR., Chairman, 

136 Liberty St., New York, N. Y. 
H. FLEETWOOD ALBRIGHT, New York, N. Y. 
FRANK W. ROLLER, New York, N. Y. 
LEWIS B. STILLWELL, New York, N. Y. 
TOWNSEND WOLCOTT, New York, N. Y 


LIBRARY COMMITTEE. 


WILLIAM J. JENKS, Chairman, 

120 Broadway, New York, N. Y. 
EDWARD CALDWELL, New York, N. Y. 
CHARLES F. CHANDLER, New York, N. Y. 
CHARLES A. TERRY, New York, N. Y. 

F. N. WATERMAN, New York, N. Y. 


EDITING COMMITTEE. 


THOMAS J. JOHNSTON, Chairman, 

11 Pine St., New York, N. Y. 
GANO DUNN, Ampere, N. J. 
CECIL P. POOLE, New York, N. Y. 
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Special Committees. 


STANDARDIZATION COMMITTEE. 


FRANCIS B. CROCKER, Chairman, 

Columbia University, New York, N. Y. 
ARTHUR W. BERRESFORD, Milwaukee, Wis. 
DUGALD C. JACKSON, Madison, Wis. 
ARTHUR E. KENNELLY, Cambridge, Mass. 
C. O. MAILLOUX, New York, N. Y. 

ROBERT B. OWENS, Montreal, Can. 
CHARLES F. SCOTT, Pittsburg, Pa. 
HENRY G. STOTT, New York, N. Y. 
CHARLES P. STEINMETZ, Schenectady, N. Y 
SAMUEL W. STRATTON, Washington, D. C. 
ELIHU THOMSON, Lynn, Mass. 


COMMITTEE ON LAW. 


C O. MAILLOUX, Chairman, 

76 William St., New York, N. Y. 
ALBERT H. ARMSTRONG, Schenectady, N. Y. 
CLAYTON W. PIKE, Philadelphia, Pa. 

PAUL SPENCER, Philadelphia, Pa. 
CHARLES A. TERRY, New York, N. Y. 


BUILDING FUND COMMITTEE. 


T. COMMERFORD MARTIN, Chairman, 
114 Liberty St., New York, N. Y. 
JOHN C. BARCLAY, New York, N. Y. 
JOHN J. CARTY, New York, N. Y. 
CHARLES L. EDGAR, Boston, Mass. 
FRANCIS W. JONES, New York, N. Y. 
JOHN W. LIEB, JR.. New York, N. Y. 
FRANK J. SPRAGUE, New York, N. Y. 
JAMES G. WHITE, New York, N. Y. 


COMMITTEE ON FOREST PRESERVATION. 


FREDERIC A. C. PERRINE, Chairman, 
60 Wall St., New York, N. Y. 
HORATIO A. FOSTER, Baltimore, Md. 
PHILIP G. GOSSLER, New York, N. Y. 
WILLIAM P. JUDSON, Broadalbin, N. Y. 
HENRY A. PRESSEY, Washington, D. C. 
CHARLES A. WADDELL, Biltmore, N. C. 


COMMITTEE ON A CODE OF ETHICS, 


SCHUYLER SKAATS WHEELER, Chairman, 
Ampere, N. J. 

HAROLD W. ВОСК, New York, N. Y. 

CHARLES P. STEINMETZ, Schenectady, N. Y 


COMMITTEE ON INCREASE OF MEMBERSHIP. 


PERCY H. THOMAS. Chairman, 

220 W. 29th St., New York, N. Y. 
FREDERICK C. BATES. New York, N. Y. 
AINSLIE A. GRAY, New York, N. Y. 
FREDERICK L. HUTCHINSON, New York, 
E B. MERRIAM, Schenectady, N.Y. 
EDWIN Н. SEAMAN. Winston-Salem, N.C. 


HIGH-TENSION TRANSMISSION COMMITTEE. 
. RALPH D. MERSHON, Chairman, 

60 Wall St.. New York. N. Y. 
FRANK G. BAUM, San Francisco; Cal 
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FRANCIS O. BLACKWELL, New York, N. Y. 
CUMMINGS C. CHESNEY., Pittsfield, Mass. 
M. H. GERRY, JR., Helena, Montana. 

PAUL M. LINCOLN, Pittsburg, Pa. 
RAYMOND S. MASSON, Los Angeles, Cal. 
WALTER S. MOODY, Schenectady, N. Y. 


COMMITTEE ON TELEPHONY. 


KEMPSTER B. MILLER, Chairman, 
Monadnock Building, Chicago, Ill. 
EDWARD E. CLEMENT, Washington, D.C. 
WILLIAM W. DEAN, Elyria, O. 
BANCROFT GHERARDI, New York, N. Y. 
FRANK R. McBERTY, New York. 


COMMITTEE ON BIBLIOGRAPHY. 
WILLIAM D. WEAVER, New York, N. Y 


NATIONAL ELECTRIC CODE COMMITTEE. 


FREDERIC A. C. PERRINE, Chairman, 
60 Wall St., New York, N. Y. 
JOSEPH C. FORSYTH, New York, N. Y. 
A. M. SCHOEN, Atlanta, Ga. 
GEORGE F. SEVER, New York, N. Y. 
H. A. SINCLAIR, New York, N. Y. 
ARTHUR WILLIAMS, New York, N. Y. 
CHARLES J. H. WOODBURY, Boston, Mass. 


LOCAL ORGANIZATION COMMITTEE. 


PAUL SPENCER, Chairman, 

Broad and Arch Sts., Philadelphia, Pa. 
LOUIS A. FERGUSON, Chicago, Ill. 
WINDER E. GOLDSBOROUGH, New York. 
HENRY H. HUMPHREY, St. Louis, Mo. 
KEMPSTER B. MILLER, Chicago, Ill. 
HENRY H. NORRIS, Ithaca, N. Y. 

DAVID B. RUSHMORE, Schenectady, N.LY. 


EDISON MEDAL COMMITTEE. 


JOHN W. HOWELL, Chairman. 
BANCROFT GHERARDI, Secretary. 
CHARLES S. BRADLEY. 
CHARLES L. CLARKE. 
CHARLES L. EDGAR. 

JOHN F. KELLY. 

T. COMMERFORD MARTIN 
CHARLES F. SCOTT. 

WM. HAND BROWNE, Jr. 
HENRY L. DOHERTY. 

GEO. A. HAMILTON. 
SAMUEL REBER. 

FRANK J. SPRAGUE. 
TOWNSEND WOLCOTT. 
HENRY G. STOTT. 


REPRESENTATIVES ON BOARD OF AWARD. 
JOHN FRITZ MEDAL, 

BION J. ARNOLD. 

JOHN W. LIEB, Jr. 

SCHUYLER SKAATS WHEELER. 

SAMUEL SHELDON. 
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| Local Secretaries. 


AMES, IOWA.—ADOLPH SHANE. 
Iowa State College. 


ANN ARBOR, MICH.—C. J. WHIPPLE, 
556 South State St. 


ATLANTA, GA.—W R. COLLIER, 
463 North Jackson St. 


BALTIMORE MD.—CHAS. G. EDWARDS, 
Electrical Commission, City Hall. 


BETHLEHEM, PA.—M. T. SALDANA, 
Lehigh University. 


BOSTON, MASS.—C. H. PORTER, 
Dept. of Elec. Eng., Mass. Inst. Technolozy. 


BOULDER, COLO.—A. C. STREAMER, 
University of Colorado. 


CHICAGO, ILL.—C. E. FREEMAN, 
Armour Inst. of Technology. 


CHICAGO, ILL.—H. R. KING. 
Western Electric Co. 


CINCINNATI, 0.—LAURENT LOWENBERG, 
Bullock Elec. Mfg. Co. 


COLUMBIA, MO.—H. D. CARPENTER, 
University of Missouri. 


COLUMBUS, 0.—Е. E. BEUTLER. 
Ohio State University. 


COLUMBUS, 0.—H 1. COOK, 
Engineers’ Club. 


FAYETTEVILLE, ARK.—G. C. BAKER, 
University of Arkansas. 


Q1THACA, N. Y.—H. Н. NORRIS, 
Franklin Hall, Cornell University. 


LAFAYETTE, IND.—J. W. ESTERLINE. 
Electrical Eng. Dept.. Purdue University. 


MADISON, WIS.—J. W. SHUSTER, 
University of Wisconsin. 


PHILADELPHIA, PA.—H. F. SANVILLE, 
597 Drexel Bldg. 


PITTSBURG, PA.—H. D. JAMES, 
Westinghouse E. & M. Co. 


PITTSFIELD, MASS.—S. H. BLAKE, 
Stanley-G. I. Elec. Mfg. Co. 


ST. LOUIS, MO —W. E. BRYAN, 
Washington University. 


ST. LOUIS, MO.—A. S. LANGSDORF, 
Engineers’ Club. 


ST. PAUL, MINN.—BARRY DIBBLE, 
| 1317 Summit Ave. 


SAN FRANCISCO, CAL. —А. Н. BABCOCK, 
1216 Webster St., Oakland. 


SCHENECTADY, N. Y.—E. E. F. CREIGHTON 
General Electric Co. 


SEATTLE, WASH.—W. S. WHEELER, 
3120 East Union Street. 


STATE COLLEGE, PA.—H. L. FREDERICK, 
Pennsylvania State College. 


SYRACUSE, М. Y.—4. M. WYGANT, 
Syracuse University. 


+ 


TORONTO, ONT.—L. W. PRATT, 
306 Stair Building. 


URBANA, ILL.—M. K. AKERS, 
University of Illinois. 


WASHINGTON, D. C.—PHILANDER BETTS, 
“The Oakland.” 


WORCESTER, MASS.—A. T. CHILDS. 
Worcester Poly Inst. 


Local Honorary Secretaries. 


JAMES S. FITZMAURICE, 
210 George St., Sydney, N. S. W. 


H. F. PARSHALL, 
Salisbury House, London Wall E. C., London. 


ROBERT B. OWENS, 
McGill University, Montreal, P. Q 


WM. B. HALE, 
Arco de San Agustin 8, City of Mexico. 


CLARE F. BEAMES, 


[for Porto Rico and West Indies,] 
San Juan, P. R. 


WwW. G T. GOODMAN, | 
Dunedin, New Zealand. 


STUDENT MEETINGS. 
Armour Institute. ..Feb 
Okio State Univ. . ..Dec 


Penn. State College.Dec 
Univ. of Arkansas.. Mar 
Univ. of Colorado. . Dec 
Univ. of Michigan.. Mar 
Univ. of Missourl...Jan 
Washington Univ. ..Feb 


'04 


C. E. Freeman 


H. C. Bartholomew 


C. L. Christman 
W. B. Stelzner. 
J. N. Kellogg. 
Kenneth Barry 
H. B. Shaw 

A. S. Langsdorf 


C. E. Freeman 


F. E. Beutler 


H. L. Frederick 
G. C. Baker. 

A. C. Streamer. 
C. J. Whipple. 
H. D. Carpenter. 
W. E. Bryan. 
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LOCAL ORGANIZATIONS—DIRECTORY. 
Branches Organized. Chairman. Secretary. Branch Meets. 
BRANCHES. 
Adanta............ Jan. 19. '04 | A. M. Schoen. W. R. Collier. 
Baltimore......... Dec. 16, '04 | J. B. Whitehead. C. G. Edwards. 2d Friday. 
Boston. ........... Feb. 13. '03 | H. E. Clitford. C. H. Porter. 3d Wednesday 
Chicago................. 1893 | P. B. Woodworth. Н. R. King. Ist Tuesday after 
. meeting. 
Cincinnati......... Dec. 17, '02| C. S. Reno. L. Lowenberg. 
Columbus......... Dec. 20, '03 | F. W. C. Bailey. H. L. Cook. 1st Mondays 
Minnesota Apr. 7, '02| H. J. Gille. Barry Dibble. lst Friday after 
. Y. meeting. 
Pittsburg.......... Oct. 13, '02 | H. W. Fisher. H. D. James. 2d Tuesday. 
Pittsfield.......... Mar. 25, '04 | Gilbert Wright. S. H. Blake. 3d Thursday. 
Philadelphia Feb. 18, '03 | W. С. L. Eglin. H. F. Sanville. 2d Monday. 
San Francisco...... Dec. 23. '04 | C. L. Cory. A. H. Babcock. 
Schesectady....... Jan. 26, '03 | D. B. Rushmore. E. E Р. Creighton. | 2d Wednesday. 
Seattio............ Jan. 19, '04 | C. E. Magnusson. W. S. Wheeler. 3d Saturday. 
St. Lowis.......... Jan. 14, '03 A. H. Timmerman. A. S. Langsdorf. 2d Wednesday. 
Toronto. ......... Sept. 30, '03 | R. G. Black. L. W. Pratt. 2d Friday. 
Washington, D. C.. Apr. 9, '03. | Edgar Russel Philander Betts. 1st Thursday. 
UNIVERSITY BRANCHES. 
Cornell University. Oct. 15, '02 | E. L. Nichols. H. H. Norris. lst Friday after 
N. Y. meeting. 
lowa State College. Apr. 15, '03 | F. A. Fish. Adolph Shane. 1st Wednesday. 
Lehigh University. Oct. 15, '02 | A. W. Lawson. M. T. Saldana. 3d Thursday 
Purdue University ..Jan. 26, '03 | C. P. Matthews. J. W. Esterline. Every Tuesday. 
Syracuse University Feb. 24, '05 | W. P. Graham A. M. Wygant. lst a 3d Thurs- 
Univ. of Wisconsin Oct. 15, '02 | Р. M Conlee. J. W. Shuster. 4th Thursday. 
Univ. of Iilinois.. ..Nov. 25, '02 | Morgan Brooks. M. K. Akers. Ist Wednesday 
Worcester Polytechnic Institute, 
Mar. 25, '04 | A. P. Chapman. A. T. Childs 


3d Monday 


Every Tuesday 


evening 
Every Wednesday 
1st & 3d Tuesdays 
Ist and 3d Wednes- 
days 
Ist and 3d Wednes- 
days 
1st and 3d Fridays 
1st Wednesday | 
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The Dedication 


N Tuesday, April 16, 1907, at three 
o'clock in the afternoon, the for- 

mal dedication exercises will begin in 
the Auditorium, 25 to 33 West Thirty- 
ninth street. The seating capacity being 
limited, it has been found necessary to 
restrict attendance by the issuing of 
invitations to past officers of the Amer- 
wan Institute of Electrical Engineers, 
the American Society of Mechanical 
Engineers, the American Institute of 
Mining Engineers, and distinguished 
guests suggested by their representa- 
tives. In the evening of April 16 there 
will be a reception open to all members 
of the three founder societies and ladies. 
The entire building will be thrown open 
for inspection. Wednesday, April 17, 
will be known as Founders' Day, when 
bnef addresses will be given by repre- 
sentatives of the three founder organi- 
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zations, followed by the presentation 
of medals. This will complete the for- 
mal opening ceremonies. 

The American Institute of Mining 
Engineers will hold its ninety-third 
meeting on the two days immediately 
following (April 18 and 19), and the 
American Society of Mechanical En- 
gineers will hold its monthly meeting 
Thursday evening, April 18. The Amer- 
ican Institute of Electrical Engineers 
will hold no professional meeting dur- 
ing dedication week. Three regular and 
one special meetíng have already been 
held in the Auditorium, and others are 
to be held during the season. Those who 
desire to attend technical meetings 
will be welcome at the sessions sched- 
uled on April 18 by the mechanical and 
mining engineers. Friday evening, 
April 19, there will be a smoker in 
the concert hall of Madison Square 
Garden, open to all members of the 
three founder organizations upon pre- 
sentation of tickets. It is hoped that 
the variety of functions which are 
being arranged will meet the wishes of 
all, and that as far as роѕѕ е all mem- 
bers within a reasonable distance of 
New York City will make an effort to 
attend. 


Value of Membership 


CCASIONALLY a letter of resigna- 
tion is received in which the writer 
states that he is so situated that he can- 
not attend meetings, or that he reads the 
INSTITUTE papers in the technical jour- 
nals, the inference being that he does not 
get the worth of his money. Statements 
of this nature indicate that the writer 
takes such a narrow view of his pro- 
fession that he loses sight of one of the 
most important incentives to progress. 
If he is so isolated, he should strive in 
every way to keep abreast of progress 
in the art. If he cannot personally 
meet the leaders in the electrical field, 
he may profit by their opinions and 
thoughts as recorded in the printed dis- 
cussions, and these may be found in their 
most complete form in the monthly 
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PROcEEDINGS. No technical journal 
would undertake to print the complete 
discussions and papers of the Institute 
or any Similar organization. The amount 
of matter continually pressing for publi- 
cation in the PROCEEDINGS is so great 
that the question of selecting the most 
timely or important continually con- 
fronts the editor. The reading matter is, 
however, but a portion of the value of 
membership. Many leading engineers 
belong to the four national societies. 
They could purchase the PROCEEDINGS 
at a less cost than the annual dues. It 
is well understood that association with 
their fellows through the recognized or- 
ganization gives them a professional 
standing second only to their own ability 
andexperience. Requests are frequently 
received by the Secretary from city оћ- 
cials, capitalists, and lawyers for the 
names of electrical experts for certain 
purposes. These inquiries can only be 
met in a general way by furnishing a 
copy of the catalogue or directory of 
membership. It 15 for this reason that an 
electrical engineer should appreciate the 
importance of continuing his name on 
the list. It shows that he is recognized 
by his colleagues as being identified 
with the profession of electrical engi- 
neering. lt is true that the larger pro- 
portion of the membership is not made 
up of independent electrical engineers. 
Many are associated with manufactur- 
ing or operating companies, but should 
they ever find occasion to change their 
positions they are likely to learn that 
membership in the Institute improves 
their standing. 


Vote For or Against 


TEE proposed new Constitution, 

printed copies of which have been 
mailed to the membership, differs ma- 
terially from the present Constitution 
in only three respects. 

It advances the date of taking office 
of newly elected officers so as to enable 
the President to appoint his committees 
early enough for them properly to pre- 
pare for the ensuing season; it provides 
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for a coórdination of the work of the 
Branches; and it changes the method 
of amendment. 

It is very desirable that each member 
should vote for or against its adoption. 
The present Constitution requires for 
the adoption of an amendment that it 
shall receive the affirmative vote of a 
majority of the members. As the mem- 
bership increases it becomes more and 
more difficult to get an expression of 
opinion from over half the members. 
The joint ownership and occupancy of 
the Engineers' Building by the three 
founder societies, of which the Імѕті- 
TUTE is one, may, because of unforeseen 
conditions, make it desirable again to 
amend the Constitution. It is therefore 
to be hoped that each Member and 
Associate will send in his vote. 

A circular letter appears upon another 
page. which the chairman of the Com- 
mittee on Local Organizations has sent 
to the chairmen of all Branches in 
which the importance of voting is 
clearly set forth. 


e 
Niagara Convention 


T the meeting of the Board of Direc- 
tors, March 1, it was voted to hold 
the next convention at Niagara Falls, 
beginning on June 25 and continuing 
three or four davs. This was the recom- 
mendation of the Committee on Papers 
after a careful consideration of various 
proposed locations. Four years have 
elapsed since a convention was held at 
that point, and now that suitable audi- 
toriums are available at the hotels, it 
is believed that all conditions will be 
favorable. The remarkable scenic attrac- 
tions, engineering features, and geo- 
graphical situation combine to make it 
a most desirable place for such a gath- 
ering, and already a sufficient number 
of papers have been promised to make 
it a technical event of unusual interest. 
Members who wish to present papers 
should communicate with Chairman 
Stott or the Secretary as soon as pos- 
sible, so that the schedule may be ar- 
ranged for early publication. 
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Air-Cooled Transformers 
and Their Protection* 


Transformers play a very important 
part in transmission systems at the 
present time. Two types have been 
used a great deal—air-cooled varnished- 
linen insulated, and oil-cooled oil-insu- 
lated transformers. The air-cooled 
transformer is cleaner to handle and 
repair, and there is practically no fire 
risk: with the oil-cooled transformer 
the fire risk is considerable. 

The oil-cooled transformer is stronger, 
and will stand greater static strains; 
for instance, in cases of lightning, when 
there may be extremely high difference 
of potential across the coils, and dis- 
charges may occur through insulation 
across the coils, if the working current 
does not follow, the oil will fill up and 
reinsulate the puncture. If the working 
current does follow, the result will prob- 
ably be a short circuit on the system, 
and either automatic devices or the 
operator will open the circuit-breakers. 
If the working current is not allowed 
to follow too long. the oil will fill up 
the puncture and when the transformer 
is thrown in again, it will not show anv 
defect. 

The air-cooled transformer will not 
stand up under severe static strains as 
well as the oil-cooled and oil-insulated 
transformer; for instance, if a static 
discharge occurs through the insulation 
across a coil, even though the puncture 
is not larger than that caused by a 
small sewing needle, the working cur- 
rent will instantly follow and start the 
insulation burning, which will of course 
disable the transformer. 

There is some difference of opinion 
as to which is the best wav to connect 
up the high-tension side of transformers 
in generating stations. One engineer 
prefers delta connections, and another 
Star connections. With delta connec- 
tions. if one transformer becomes dis- 
abled, a large portion of the load can 
be taken care of by the remaining two 
transformers. This can not be done 


э A paper read by John Pearson at a meeting 
of the Minaeso: a. Branch, February 8, 1997. 
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where one side is connected up in star. 
The writer prefers the star connection 
on the high-tension side of transformers 
with the neutral or center of the star 
grounded. Under this condition one of 
the high-tension terminals of each 
transformer is at ground potential, and 
one at line potential, and use can be 
made of a static bv-pass across each 
coil. 

Some air-cooled transformers have 
six high-tension coils connected in 
series, wound in pancake form and 
placed side by side. Numbering the 
coil next to the line 1, and next to the 
center of the star 6, it has been found 
that test papers show severe disturb- 
ances in coils three and four while 
nothing has been shown in coils one or 
six. And again, test papers have shown 
severe disturbances in coils one and six 
while nothing has been shown in any of 
the other coils. Four years ago the 
writer examined coil 1 of a disabled 
transformer, and found punctures in 
three places in the middle lavers. 

In building air-cooied transformers, 
it seems nearly impossible to use the 
insulation one should, on account of 
sacrificing efficiency. In two years' ex- 
perience with air-cooled transformers at 
the St. Croix Power Company's station, 
it was nothing unusual to see one or 
two transformers at the end of a 25-mile 
overhead line burn during a lightning 
storm. On account of static discharges 
through insulation across one or more 
coils, static by-passes were put across 
each coil, which prevented discharges 
through insulation across coils, although 
a year later discharges had taken place 
bet ween the first layers of number 1 coil 
and the nearest low-tension coil. About 
that time the neutral was grounded, 
and since then the transformers have 
worked successfully for two years and 
without a single burn-out. It is not 
enough to have transformers of high 
efficiency; they must be able to stand 
up under severe static strains. If enough 
insulation is impracticable, then by- 
passes must be used. 


Consider a high-tension group of 
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transformers connected to a long-dis- 
tance transmission line. the high-ten- 
sion windings connected in star, the 
center of the star grounded, each trans- 
former having six parcake coils, stand- 
ing side by side, and an electric by-pass 
cross each coil. Consider these condi- 
tions and it is plain to see that in case 
of a severe static disturbance of ab- 
normal irequency, such as is caused by 
Iightning, that it will be easier for the 
transformer if the strain is divided over 
all the coils than if it strikes only the 
first coil. The brass knobs forming the 
by-pass have capacity to each other, 
and to the ground, the coils standing 
side by side and connected to the knobs 
have capacity to each other and to the 
ground. The high-tension coils also of 
course have capacity to the low-tension 
coils to the transformer core and frame, 
which should all be grounded. 

By this arrangement the transformer 
and knobs forming the by-pass becomes 
to a certain extent a condenser. A con- 
denser takes a larger current at high 
frequency. At low frequency the ca- 
pacity of the coils and knobs is negli- 
gible; the conditions are, however, en- 
tirely different at very high frequency, 
where the effect of the capacity of the 
coils and knobs becomes noticeable. 
Each knob and the coil to which it is 
connected absorbs a charging current 
that is proportional to the frequency, 
and to the potential difference of the 
knobs and coils against ground. It is 
plain that this difference is greater 
when the coils are connected to the 
knobs than when the k o's are inde- 
pendent of the coils. 


Experiences with  Oil-in- 
sulated Transformers: 


The current from the St. Croix Power 
Company's plant is carried underground 
at 25,000 volts into the heart of the 
business district, and is there stepped 
down in the St. Paul Gas Light Com- 
pany's Cedar street station for use in 
six-phase synchronous converters and 


*A paper real by F. R. Cutcheon at a meeting 
of the Minnesota Franch, Fetruary 8, 1{07. 
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for 2200-volt alternating-current dis- 
tribution. The transformers for the 
synchronous converters are Six in num- 
ber, with one spare transformer, all of 
300-kw. rating. designed for 22,500 
volts on the high-tension end and 78 
volts supply to the converters. Inad- 
dition to these there are four 200-kw. 
transformers with the same primary 
voltage but with secondarics having 25 
extra taps, brought out at опе ter- 
minal, with 20 volts between taps; these 
giving a range of voltage from 2100 to 
2600 volts. These transformers are 
connected on the Scott svstem to change 
from three- to two-phase current, an 
extra primary tap being provided to 
give the right ratio. ° 

All of these transformers are oil-in- 
sulated and self-cooling, they are shell- 
type transformers having six primary 
and six secondary coils. Both the pri- 
mary and the secondary coils are di- 
vided into two sets of coils, four leads 
being brought out in each case. In the 
200-kw. transformers the extra leads are 
dead-ended ın the oil. 

When the plant was started it was 
found that the synchronous converters 
would not deliver a sufficiently high 
voltage. The transformers at this time 
were connected in delta; but in order 
to get the necessary additional voltage 
the connections were changed, the con- 
nections of the primary coils being 
changed from series to multiple and 
the bank connected in star instead of 
delta on the primary side. By these 
means an increase of 1597, was obtained 
in the secondary voltage. 

With the delta connection it was not 
considered necessary to have any re- 
serve transformers, since the converters 
could be operated on two transformers 
in open delta, but when the connections 
were changed to star, a reserve trans- 
former became a necessitv. The trans- 
formers were arranged in two banks, 
each feeding the converters on one side 
of the Edison three-wire system. In 
order to have the extra transformer 
interchangeable, it was placed between 
the two banks, so that the secondaries 


1907] 


could be connected to any of the four 
bus-bars, fish-plates being prepared and 
always ready so that the damaged trans- 
former could be cut out and the good 
transformer quickly substituted. On 
the high-tension end a pair of high- 
tension bus-bars were provided. One 
of these serving as the center of the 
star, has a coupling provided for con- 
nection to the spare transformer; the 
other is connected to the line lead of 
the spare transformer, and has a coup- 
ling opposite each of the active trans- 
tormers, so that in the case of trouble 
it is only necessary to disconnect the 
damaged transformer and swing the 
line lead for that transformer over and 
couple to the spare bus-bar, while a 
similar change is made on the other 
bus-bar. Then the spare transformer is 
readv for use. 

In regard to transformer ratios, we 
have had an experience that may be a 
warning to others insimilarcases. The 
200-kw. transformers, as previously 
stated. were built for 22,500 volts pri- 
marv, and from 2100 to 2600 volts sec- 
ondary. Our alternating-current distri- 
bution system does not require more 
than 2160 volts at any time on the sta- 
tion bus-bars, while the minimum volt- 
age is 2080. This is a range of less than 
56. while the direct current bus-bar 
voltage vanes over 20%; the conse- 
quence is that in order to regulate the 
voltage on the direct-current system we 
are obliged to vary the voltage on the 
high-tension line at the delivery end 
trom 20,000 volts at night to 25,000 
during the peak of the load. At the 
latter voltage it is readily seen that the 
alternating-current distribution voltage 
could not be less than 2300 volts. This 
condition has only recently reached an 
acute phase by reason of the rapid 
growth of the direct-current load. It 
is hoped to remedy it bv the use of 
automatic feeder regulators, which will 
absorb the excess voltage. 

The transformers were originally in- 
tended to be placed inthe main dynamo 
room, provided with good ventilation. 
Later developments, however. made this 
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impracticable, and for lack of other 
space they were placed in a small closed 
basement. It was soon found that they 
could not be kept cool there except by 
blowing large quantities of air through 
the basement, and even with a 10-h.p. 
blower forcing the circulation the tem- 
perature rose as high as 85? or 90? cent. 
The makers were not willing to guar- 
antee the transformers at this tem- 
perature and having failed in their 
guarantee they settled the matter by 
providing water-cooling coils. А well 
about 250 ft. deep was sunk in the sta- 
tion, the water from which is usually 
at 5? or 10? cent. and pumped about 50 
gallons per minute to cool a total capa- 
city of 2700 kw. in transformers and 
induction regulators. This cooling sys- 
tem has introduced new troubles. The 
first met was from atmospheric con- 
densation on the pipes running into 
the oil, sometimes producing a gal- 
lon of water in a week in one trans- 
former. The burning out of one of the 
200-kw. transformers was attributed 
largely to this cause, hence to remedy 
it the pipes where exposed to air were 
covered with magnesia pipe covering. 
This has been effective. 

In order to regulate the cooling of 
the transformers, each one was provided 
with a fixed thermometer and valves, 
and readings of the thermometers are 
taken during heavy load periods. In 
case a transformer begins to heat, it 
seems to exert a back pressure on the 
water supply which ceases entirely to 
flow through that coil. It is then neces- 
sary to shut off the rest of the coils, 
and force water through the hot coil 
until the coil is cooled. А system 
of thermostatic valves has been planned 
which will make this regulation auto- 
matic. The piping for the cooling coils, 
buried in the concrete floor, was re- 
cently discovered to be badly eaten out 
by electrolysis. Whether this is the 
work of induced alternating currents or 
stray direct current has not yet been 
determined. 

During the early months of their use 
these transformers all leaked oil badly, 
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the cases being in four sections, bolted 
and calked. As much as ten barrels of 
oil were used to make up the leakage 
during the first six months; calking or 
shellacing seeming to be of little use. 
Since the cooling coils have been put in, 
the leakage has been greatly reduced, 
though about four barrels of oil are 
used each year, a good share of which 
is lost by evaporation. 

Considerable trouble was experienced 
from the oil soaking up through the 
2200-volt leads between strands and 
forming à syphon. Once this action 
was fairly started it would remove sev- 
eral gallons of oil per day. To remedy 
this the insulation was stripped at the 
highest point of the leadsand thestrand, 
soldered together solidly. 

When first installed, the transformers 
for the synchronous converters were 
connected up with single-conductor 
lead-covered cable. The induced cur- 
rents in the lead were so strong as 
greatly to increase the heating of the 
cables, and where cables came in con- 
tact short circuits occurred, which 
vaporized large quantities of lead. 
Finally a large part of the lead was 
stripped off and the remainder insulated 
with wooden clamps. 

Having recently instalied a 1500-kw. 
steam-turbine alternating-current gen- 
erator at the steam plant, we have en- 
deavored to use the tour 200-kw. trans- 
formers as step-up transformers, so as 
to operate the synchronous converters 
from steam power. But it has been 
found that the ratio of the transformers 
when so used is even worse than when 
used as step-down transformers. It is 
evident that in the one case voltage 
must be supplied to overcome the in- 
ternal drop from the low-voltage end, 
while in the step-down transformer this 
extra voltage is supplied on the high- 
voltage end. With a regulation of 2°, 
this means a difference of 4% in the 
voltage ratio when stepping up at full 
load from that stepping down at ful, 
load: this effect 1s so marked as to make 
impracticable the use of the trans- 
formers in reverse. 
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Discussion AT MINNESOTA BRANCH, 
FEBRUARY 8, 1907 

J. C. Vincent: If the stoppage in 
the flow of cooling water referred to by 
Mr. Cutchcon is due to the collection of 
air in the coils it would seem that this 
could be prevented by allowing the 
water to flow in an upward direction 
through the coil. 

E. P. Burcu: Another method would 
be the connection of the water coils of 
the transformers in series. 

J. €. Vincent: A peculiar trouble 
has lately been discovered in some 
550-kw. air-blast transformers. À num- 
ber of fires occurred in the bases of the 
transformers, and these were traced to 
static discharges between the two piles 
of laminations. It was found that. prob- 
ably in shipment, the laminations had 
got out of place, and often the two 
piles were nearly or quite in contact. 
An exploration revealed a considerable 
current, in some cases as much as 25 
amperes flowing between the piles. 
This was evidently due to an induced 
voltage of 35 volts equivalent to one 
turn of the transformer. The static 
discharge is more difficult to account 
for. Sometimes the sparking would 
occur across а gap of jb inch. These 
troubles are being overcome by re- 
building the piles and putting in addi- 
tional insulation between the lamina- 
tions every half inch, then grounding 
each of these insulated sections to the 
frame of the transformer. 

Geo. D. SHEPARDSON: I would sug- 
gest the possibility of the static charge, 
of which Mr. Vincent speaks, being due 
to the friction of the air blast. Another 
point is the desirability of grouuding 
the section with resistance wire so that 
in the case of the breakdown of insula- 
tion between the sections, the local cur- 
rent would be limited. 

А. К. FAtiRCHILD: One of the trans- 
formers referred to was tested standing 
on the floor with no air flowing through 
it. The sparking was just as severe as 
when over the air chamber. When 
either pile of lamination was grounded 
the static sparking seemed to be in- 
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creased, but when both were grounded 
it disappeared altogether. 

J. €. Vincext-> On one transmission 
line, 13,000 volts, we have lost three 
air-blast transformers in lightning 
storms in the Stillwater sub-station at 
the end of the line. where the overhead 
line comes directly into the station. In 
another sub-station (Wildwood) about 
the middle of the line, the sub-station is 
reached through about two hundred feet 
of paper cable. Неге we have never 
lost a transformer. 


Chairman Spencer’s Letter 
on Proposed Constitution 


PHILADELPHIA, Pa., Mar. 11, 1907. 


Го the Chairmen of all Branches Ameri- 
can Institute of Electrical Engineers: 


My Dear Sir: There will shortly be 
submitted to the members of the Amer- 
ican Institute of Electrical Engineers a 
proposed new Constitution. The Con- 
stitution which was voted on last year 
failed to secure the number of affirma- 
tive votes necessary under the present 
Constitution for its adoption, namely, 
a majority of the total membership of 
the Institute. This was apparently due. 
not to any particular opposition to the 
proposed Constitution, as but a small 
percentage of negative votes was cast, 
but to the difficulty of getting out the 
large vote necessary. The Law Com- 
mittee this year has prepared another 
revision, after carefully considering all 
cnticisms and suggestions, and has 
asked the Local Organizations Commit- 
tee to assist in getting out the vote so 
that the new revision may not be de- 
feated simply by failure on the part of 
the members to express their opinions. 

We feel that the proposed Constitu- 
tion is favorable to the interests of the 
Local Organizations. 

It provides for the formation of a 
Branch wherever there is a sufficient 
number of members and sufficient in- 
terest to support the work. 

It does not hamper the development 
of any Branch by restriction as to the 
particular way its work should be car- 
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ried on, excepting, of course, that it 
shall be in accordance with the aims 
and ideals of the Institute. 

It provides that the Local Organiza- 
tions Committee shall be one of the 
standing committees of the Institute. 

It provides that the chairman of each 
Branch shall be a member of that com- 
mittee. 

It provides that the chairman of each 
Branch, or his alternate, shall be a dele- 
gate to the annual convention, thus 
providing for a body that can meet at 
least once a year and consider officially 
the interests of the Local Organizations. 

Furthermore, and a matter which is 
of great importance, it includes an 
amending clause, which will permit 
amendments of the Constitution to be 
adopted in the future. It does this by 
providing that a proposed amendment, 
after being properly brought before the 
Board of Directors, shall be submitted 
by letter ballot to the entire member- 
ship, and be adopted if of sufficient gen- 
eral interest to bring out a vote equal 
to thirty per cent. of the total member- 
ship, and if three fourths of all those in- 
terested enough to vote are in favor of it. 

With the largely increasing member- 
ship of the Institute we shall soon reach 
a point where it will be a phvsical im- 
possibility to amend the present Con- 
stitution under the present amendment 
clauses, which require that half or more 
of the total membership shall vote 
affirmatively. This will be appreciated 
when it is realized that at the annual 
elections, even when interest has run 
the highest, the ballots cast for the can- 
didates for any one office have never 
in total equalled a majority of the mem- 
bership. 

We therefore hope that you will real- 
ize the importance of getting out the 
vote, and will assist in arousing the 


interest of the members of your 
Branch. I would suggest that your 


Branch makes a direct appeal to each 
member, both at your first regular 
meeting and by circular or post card, 
urging him to vote on the Constitution 
—for it, if possible—but at any rate to 
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cast his ballot, either for or against, so 
as not to let the matter go by default. 
Kindly urge your members to vote as 
soon as possible after receiving the pro- 
posed Constitution and the ballot, be- 
` fore the ballot has been mislaid and the 
matter has slipped out of mind. 

With the hope that the officers of 
your Branch will coóperate in obtaining 
a decisive expression of opinion, as 
shown by the ballots cast for the pro- 
posed Constitution, and thanking you 
for such coóperation, I am. 

Very truly, 
PAUL SPENCER, 


Chairman oj Committee on Local Organ-' 


izations. 


Dedication Exercises 

The following preliminary program 
has been announced in connection with 
the dedication of the Engineers’ Build- 
ing, 33 West Thirty-ninth street, New 
York City: 

Tuesday, April 16: Formal dedica- 
tion exercises in the afternoon; general 
reception in the evening. 

Wednesday, April 17: Founders’ day; 
addresses by representatives of the 
American Institute of Electrical Engi- 
neers, the American Society of Mechan- 
ical Engineers, and the American Insti- 
tute of Mining Engineers, greetings from 
sister societies and institutions, and 
presentation of medals in the afternoon. 
The evening of this day is unassigned. 


AFTER DEDICATION 


Thursday, April 18: In the afternoon 
there will be a session of the Ameri- 
can Institute of Mining Engineers. A 
paper entitled, '" Mining Engineering in 
New York City," describing the excava- 
tion and tunnel] work now being carried 
on by the Pennsvlvania Railroad, will 
be presented by H. T. Hildage. In the 
evening there will be a session of the 
American Society of Mechanical Engi- 
neers, an address being delivered by 
Brigadier-General William Crozier, en- 


titled, '' The Ordnance Department as: 


an Engineering Organization.” 
Fridav, April 19: In the aíternoon 
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there will be a session of the American 
Institute of Mining Engineers, the de- 
tails of which will be presented later. 
In the evening there will be a smoker 
for members of all the above named 
organizations. е 


Local Organizations 
UNIVERSITY OF ÁRKANSAS 

At a meeting of this Branch, held at 
Fayetteville, Ark., March 5, W. B. 
Stelzner presiding. at which were pres- 
ent fifteen members and thirty-five vis- 
itors, Mr. K. A. Reed was elected secre- 
tary to succeed Mr. G. C. Baker, who 
has quit school. Professor Schapper 
favored the Branch with a very inter- 
esting discussion on the ‘ Speed of 
Electricity.” 


ARMOUR INSTITUTE 

This Branch held a meeting on Jan. 
25, 1907, at the Armour Institute, with 
a total attendance of eleven, presided 
over by Mr. Fred. M. Sturgess. Mr. 
A. L. Eustice read an original and inter- 
esting paper on the ''Operation and 
Commercial Value of the Nernst Lamp." 
Several samples were shown in operation 
over the demonstration table. 

The next meeting of this Branch. 
February 8, brought out a total of 
twenty-four. Arrangements were made 
for having a write-up in the Integral. 
the yearly student publication at Ar- 
mour Institute. It was announced that 
the Institute Branch meetings would 
be a part of the junior and senior elec- 
trical program next term. Mr. E. E. 
Campbell gave a discussion on the In- 
stitute paper entitled ‘ The Current 
Transformer." 

At the meeting of this Branch on 
Februarv 15, with a total attendance of 
twenty-two, Mr. E. J. Sigwalt read an 
original paper on '' Brushes and Brush- 
holders." The different photographs of 
brush-holders were projected on the 
screen, and their operation explained. 


BALTIMORE BRANCH 
The Baltimore Branch met Feb. 8, 
1907, at Johns Hopkins University, 
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presided over by J. B. Whitehead, with 
an attendance of twenty-four members 
and nine visitors. Clayton H. Sharp 
read his paper " New Types of Incan- 
descent Lamps," which was presented 
at the December meeting of the Insti- 
tute in New York. The paper was re- 
ceived with much interest and appre- 
ciation, and aroused a lively discussion. 


э 


Воѕтом BRANCH 
At the meeting of the Boston Branch, 
Fcb. 20, 1907, Professor H. E. Clifford 
presiding, there was a total attendance 
of sixty-nine. Mr. Farley Osgood, Asso- 
ciate À.I.E.E., General Manager of the 
New Milford Power Co., of New Mil- 
ford, Conn., read a paper entitled, 
'" Notes on Hydro-Electric Plant Organ- 
ization and Operation." 
[This paper will be printed in the 
April, 1907, PRocEEDiNGs.] 


CINCINNATI BRANCH 

An affiliation has been effected be- 
tween the Cincinnati local branches of 
the American Society of Mechanical En- 
gineers, American Society of Civi] En- 
gineers, The Engineers’ Club, American 
Institute of Architects, and the Insti- 
tute Branch. This affiliation 15 gov- 
erned by a board of directors, consisting 
of two members from each of the above 
societies. The representatives from the 
electrical engineers are Messrs. Budd 
Frankenfield, and L. Lowenberg. At 
the Branch meeting February 14, L. 
Lowenberg presiding. with a total at- 
tendance of twenty-six, the articles of 
government of this association were 
ratified by the local section. These ar- 
ticles provide for the renting of suit- 
able quarters accessible to all the mem- 
bers at any time during the day or even- 
ing. А library will be started by the 
individual societies, and all the leading 
technical papers and publications will 
be on file. A permanent secretary will 
be in charge of these rooms. 

A paper on Wire ess Telegraphy was 
then read by Professor Ives, the lec- 
ture being illustrated with lantern slides 
and complete apparatus for the sending 
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and receiving stations. The lecture was 
held at the University of Cincinnati, by 
invitation of the faculty. After the lec- 
ture a reception, followed by refresh- 
ments, was held by the president and 
members of the faculty. 


UNIVERSITY OF COLORADO 

This Branch held two meetings dur- 
ing February. At the first meeting pa- 
pers were presented by Mr. Handley on 
the '' Selenium Cell," and by Mr. C. E. 
Heaton, on '" Lamp Filaments of the 
Latest Style." At the second meeting, 
Mr. Ketterman, District Manager of the 
Colorado Telephone Co., gave a talk on 
'" Modern Telephone Practice." The 
prospects are good for increased activ- 
ity in this Branch during the coming 
vear. 

CORNELL UNIVERSITY 

The regular March meeting of this 
Branch was held in Franklin Hall on 
Friday, March 8. The secretary pre- 
sided in the absence of the chairman. 
The feature of the evening was an orig- 
inal paper presented by Mr. J. S. Cod- 
man, rate specialist of the General 
Electric Co., from Boston, Mass. Mr. 
Codman’s paper was a masterly analy- 
sis of the principles underlying equitable 
rates. The following synopsis which was 
distributed at the meeting gives an ex- 
cellent idea of the scope of the paper. 
The attendance at the meeting was 
seventy. After the formal part of the 
exercises, an opportunity was given for 
the members to meet Mr. Codman, and 
a number took advantage of the oppor- 
tunity for further discussion of the 
topic. The paper was fully discussed by 
local members, and a number of diff- 
cult points were thus explained and 
illustrated. 

Only small part of cost of producing 
electricity is proportional to output of 
plant. 

Very large proportion of fixed ex- 
penses is a peculiarity of the electrical 
business. 

Capacity of plant determined by 
maximum load on plant, not by output. 

Definition of load-factor. 
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Ideal condition, 10095 load-factor. 

Effect of improved load-factor on 
cost per kilowatt-hour. 

Methods of improving load-factor. 

a. Encouraging use of electricity for 
a variety of purposes. 

b. High-efliciency lamps. 

€. Scientific rates. 

Rates designed to improve load-factor 

a. The load-factor system. 

b. The two-rate system. 

Simple form of load-factor system 
consists of charge on maximum demand 
for current combined with charge on 
consumption. 

It is a combination of the two oldest 
methods of charging, viz.: 

a. The contract or flat-rate method. 

b. The uniform-meter-rate method. 

Undesirable effect of old methods. 

Improvement of the uniform-meter- 
rate method. 

Usual modifications of load-factor 
Systems. 

a. The wholesale discount. 

b. The service charge or minimum 
bill. 

c. Fixing a maximum rate per kilo- 
watt-hour. 

Wright’s load-factor systems. 

Reasons for fixing a maximum rate 
of kilowatt-hour. 

Fixation by law. 

Fixation by custom. 

Fixation by theorv. 

Fixation for simplicity. 

. Fixation to satisfy public opinion. 

Method of determining customers. 

a. Consumption, an easy problem. 

b. Maximum demand, а difficult prob- 
lem. 

Maximum demand. 

a. Assumed equal to 
load.” 

) b. Estimated. 
і c. Measured rental of power. 

d. Measured and estimated. 

e. Limited. 

Justifiability of load-factor system. 

Misconception of the public. 

Doing away with special rates. 

At the preceding mecting the execu- 
tive committee was increased bv the 


sane 


+5 


connected 
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addition of Mr. R. L. Stone. an under- 
graduate and an Associate of the Insti 
tute, who will represent the students' 
interests on the committee. 

[Мг. Codman's paper will be pub- 
lished in full in the April PROCEED- 
INGS.] 


UNIVERSITY OF ILLINOIS 

Professor C. P. Matthews of the 
Purdue University addressed this 
Branch at its meeting on March 6 in 
the Physics Lecture Room, on the sub- 
ject of " Recent Developments in Arti- 
ficial Light Sources." The meeting 
was only fairly well attended, consider- 
ing the interest that should have been 
developed in this subject, twenty-five 
members and опе hundred visitors 
being present. Circumstances, however, 
prevented it from being as widely ad- 
vertised as was desirable, and. this un- 
doubtedly affected the attendance. 


Iowa Strate COLLEGE 

A meeting of the Executive Commit- 
tee was called on February 14 to discuss 
ways and means for the present term. 
The following matters were considered 
as desirable to present for discussion 
and action before the local Branch. 

1. Minor changes in the Constitution 
of the Branch as relating to length of 
office, membership, and duties of offi- 
cers. 

* 2. Election of an entertainment com- 
mitteé. 

3. Programme. 

Twenty nine members of the Branch 
and nineteen visitors attended the 
meeting of Februarv 20. Professor F. 
A. Fish presided. The paper of the 
evening was presented bv Professor 
L. B. Spinney on the '' Discussion of 
New Tvpes of Incandescent Lamps." 
This involved the paper bv Dr. Stein- 
metz on ''Transformation of Electric 
Power into Light," the paper bv 
Clayton Н. Sharp on ‘ New Types of 
Incandescent Lamps," and the article 
on the Helion Lamp published in a 
recent number of the Flectrical World. 


The subject was ably handled by 
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Professor Spinney and the audience 
evinced keen interest during the two 
hours that the paper was presented and 
discussed. Special emphasis was laid 
on the excellent paper by Dr. Steinmetz 
as involving the theory for the produc- 
tion of more efficient illumination. 
Owing to the lateness of the hour at 
the conclusion of the paper, the meet- 
ing was adjourned for two weeks. 

The prospects for the local Branch 
appear to be very promising. There 
are at present one Member and seven 
Associates on the rolls, while two other 
applications from this institution for 
enrolment as Associates have been pub- 
lished in the Procrepincs. These in 
addition to one more application ex- 
pected to be made soon, will, if elected, 
make a total of ten Associates and one 
Member. Only one of the above lives 
out of town. 


MINNESOTA BRANCH 

This Branch met on the evening of 
Jan. 11, 1907, at the office of the St. 
Paul Gas Light Co., Edw. P. Burch 
presiding. The Program Committee 
announced the subject for the meeting 
ot February 8 to be ‘“ Illumination 
Engineering." 

The chairman also announced that 
the annual election of officers of the 
Branch would occur at the next meet- 
ing. 

The subject of the evening. '' Trans- 
formers," was then taken up. Professor 
George D. Shepardson read a paper re- 
viewing the elementary theory of the 
transformer. and outlining the methods 
by which the transformer has been 
adapted to various uses. F. R. Cutcheon 
followed with a paper entitled “ Ex- 
periences with Oil-Insulated Trans- 
formers.” 

John Pearson next read a paper en- 
titled, '' Air-Cooled Transformers and 
their Protection." 

[These papers and the discussion on 
them are printed in Section 1 of the 
March ProceeEpincs.]} 

The annual meeting of this Branch 
for the election of officers for the en- 
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suing year, was held on February 8, 1907. 
The election resulted as follows: 

H. J. Gille, Chairman; Barry Dibble, 
Secretary; A. L. Abbott, C. L. Pillsbury, 
E. H. Scofield, Program Committee. 

The following original papers were 
then read and discussed: 

'" Fundamental Principles of Illumi- 
nation," H. J. Gille. 

'" Office Building Lighting," A. L. 
Abbott and J. H. Schumacher. 

“Church Lighting," C. L. Pillsbury. 

‘Theater Lighting," Geo. Stein- 


wedell. " 
! 


\ 
| 
UNIVERSITY OF MissounI d 

This Branch had a meeting on Feb- 
ruary 15, at Columbia, Mo., Professor 
H. B. Shaw presiding, with a total of 
twenty-three visitors and members in 
attendance. The subject discussed was 
the Institute paper '' On the Substitu- 
tion of the Electric Motor for the Steam 
Locomotive,” by Lewis B. Stillwell and 
Henry St. Clair Putnam. The discussion 
was limited to the questions of reli- 
ability of service, increased capacity of 
line, and comparative operating ex- 
penses. The same topic is to be further 
considered at the next meeting. 

At the meeting on March 1, with a 
total attendance of twenty-four, the 
charactenstics of the series motor which 
specially adapt it to railway service 
were first considered briefly. The ques- 
tion of electrification of steam roads 
then came up for discussion. The fac-' 
tors affecting cost of maintenance and 
operation were discussed in detail. The 
choice of frequencies for alternating- 
current motors was touched on in this 
connection. The various advantages 
and disadvantages of motor-operated 
railway svstems were set forth in the 
final summary. 


PHILADELPHIA BRANCH 
At the meeting of the Philadelphia 
Branch on March 11, 1907, the subject 
discussed was ‘ Marine Applications 
of Electricity.” — Lieut-commander S. 
S. Robison presented a paper covering 
“ United States Navy Practice in Gen- 


12 PROCEEDINGS OF A. I. E. E. 


erating Sets; Lighting; Interior Com- 
munications; and Signaling." Н. M. 
Gleason, Assistant Naval Constructor, 
presented a paper covering ‘ United 
States Navy Practice in Ventilation; 
Ammunition Handling; Turrets; Hand- 
ling of Boats, etc." J. W. Kellogg of 
the General Electric Co., presented a 
paper on '' Electricity in the Merchant 
Marine." These papers were illustrated 


with lantern slides. 


PURDUE UNIVERSITY BRANCH 


The meeting of this Branch on March 
5 brought out a total attendance of one 
hundred and three. After the executive 
business was disposed of the Institute 
paper on ‘ The Substitution of the 
Electric Motor for the Steam Locomo- 
tive," was discussed, the discussion 
being led by Professors C. P. Matthews, 
W. F. M. Goss, J. W. Esterline, and 
H. T. Plumb. 


Sr. Louis BRANCH 


The annual meeting of this Branch 
was held on February 13, at the Engi- 
neers’ Club, A. H. Timmerman presid- 
ing. The total attendance of members 
and visitors was twenty. Messrs. H. H. 
Humphrey, H. I. Finch, A. S. Langs- 
dorf, J. H. Finney, and J. H. Siegfried, 
were elected to serve as the Executive 
Committee for the ensuing year. The 
preliminary draft of a paper dealing 
with the distorting effect of iron on the 
magnetizing current of transformers 
was presented by A. S. Langsdorf.. The 
object of the investigation is to deter- 
mine the relations that must hold be- 
tween the amplitudes and phase posi- 
tions of the fundamental and har- 
monics; the method of attacking the 
problem as explained in the preliminary 
draft, is partly mathematical and partly 
experimental. Results thus far obtained 
point to some very interesting and 
hitherto unknown relations. An inter- 
esting discussion followed, participated 
in by Messrs. Timmerman, Meston, 
Morse, and Lanysdorf. The paper for 
the March meeting will be on * The 
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Overload Capacity of Synchronous 
Motors," by Mr. Hans Weichsel. 

A meeting of the Executive Commit- 
tee was called for March 2, when it 
became known that Mr. Siegfried had 
in the meantime left the city. Accord- 
ingly the vacancy was filled by electing 
Mr. J. B. Haves. The Executive Com- 
mittee was then organized, with A. S. 
Langsdorf as chairman, and J. H. 
Finne$, Secretary. | 

ScHENECTADY BRANCH 

The March program of lectures before 
the Schenectady Branch has been is- 
sued. The lecture for March 4 was 
omitted, and an informal smoker held 
at Odd Fellows Hall. Messrs. C. Р. 
Steinmetz and D. B. Rushmore spoke 
of the work of the Institute and of the 
local Branch. Е. B. Raymond gave 
reminiscences of old times for rew 
hearers, and Messrs. Merriam, Hill, and 
Thompson, contributed entertainment 
in a lighter vein. On Thursday, March 
14, Mr. 5. D. Sprong, of the New York 
Edison Company, lectured on the svs- 
tem which lights New York City. The 
subject for March 21 is “ Arc Lighting.” 
and wil consist of an address bv 
Richard Fleming of the General Elec- 
tric Company's Lynn Works. С. М. 
Larson, of the Power and Mining De- 
partment, General Electric Companv, 
will talk on Mine Locomotives and 
Mining on Thursday, March 28. The 
stercopticon will be largely used to 
illustrate their lectures which will in- 
crease the interest aroused by the at- 
tractiveness of the subjects and the 


reputation of the speakers. 


SEATTLE BRANCH 

The Seattle Branch held its regular 
monthly meeting on February 16, С. E. 
Magnusson presiding. Seventeen mem- 
bers and their friends were present. 
Mr. E. G. Allen gave a brief description 
of the Nooksach Falls Power Plant, in 
Whatcom Co., Washington. This water 
power plant is unique in being the first 
hydro-electric power plant located in 
the Washington Forest Reserve. The 
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transmission line is forty-two miles long 
—the first seven miles being through 
very rough country in the Forest Re- 
serve. Here the spans are sometimes 
five hundred feet long, where it is neces- 
sary to cross deep ravines, but the or- 
dinary span is one hundred and forty- 
two feet. The wire is aluminum, of 
carrving capacity equal to No. 2 B. & S. 
gauge copper. Transmission is carried 
on at 22.000 volts at present, but the 
line 15 designed for 50,000 volts when 
necessary. The telephone line is car- 
ried on the same poles as the power 
line, and is seven feet below the power 
arm. It is of No. 10 B. & S. gauge 
semi-hard drawn copper and is very 
clear. It is transposed every tenth pole, 
and the power line is transposed every 
four miles. <A discussion followed Mr. 
Allen's description, participated in by 
Messrs. W. S. Hoskins, Cyrus Whipple, 
C. E. Magnusson, and W. S. Wheeler. 


SYRACUSE UNIVERSITY. 

The Syracuse University Branch met 
at 5mith College on February 21, with 
a total attendance of twentv-seven, 
the chairman, Dr. W. P. Graham, pre- 
siding. Professor F. E. Candler dis- 
cussed '' Gas Engines for Electric Gen- 
erators." Mr. К. E. Bowen, '08, dis- 
cussed the " Subway Construction of 
the Syracuse Lighting Co." 

Another meeting of this Branch was 
held March 7, with a total attendance 
of sixteen. The subject discussed was 
the Institute paper '' On the Substitu- 
tion of the Electric Motor for the Steam 
Locomotive." The discussion was led 
by H. T. Brinckerhoff and H. D. 
Stephens. Mr. R. A. Porter, Associate 
Professor of Physics has been made, 
local secretary of this Branch. 


WORCESTER POLYTECHNIC INSTITUTE 

The regular meeting of the Branch 
was held Monday evening, March 4, 
1907, in the Electrical Engineering 
Lecture Room, Salisbury Laboratories. 
with President Chapman as presiding 
officer. Professor Albert S. Richey, As- 
sistant Professor of Electric Railwav 
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Engineering at Worcester Polytechnic 
Institute, addressed the meeting on the 
subject, ' Electric Car Testing." The 
paper was the same as he presented 
before the New England Street Railway 
Club of Boston, Feb. 28, 1907, a copy 
of which will be published in the Street 
Railwav Bulletin for March 1907. The 
first part of the paper outlines the few 
tests that have been made on electric 
cars, with special reference to the tests 
conducted by the W. P. I. post-graduate 
students on the Boston & Worcester 
Street Railway Company's road in the 
spring of 1906. The latter part of the 
paper describes, quite in detail, the 
new electric railway equipment which 
is being installed at the Worcester Poly- 
technic Institute. Total attendance 
at this meeting, was fifty-eight. 


— —M ee 


Minutes of Meeting 
of the Institute 


Meeting of the American Institute 
of Electrical Engineers, held in the 
Auditorium of the Engineers' Building, 
33 West Thirty-ninth street, New York, 
Friday, March 1, 1907. President 
Sheldon called the meeting to order at 
8:20 o'clock. 

The Secretary announced that at the 
meeting of the Board of Directors held 
during the afternoon there were 125 
Associates elected as follows: 


ARNOLD, Lewis Tracy, Department 
Manager, Emerson Electrice Mfg. 
Co. 2030 Washington  ave.; res. 


5246 Cabanns ave., St. Louis, Mo. 


BaRBER, Epwin LAMONT, Central Office 


Division, Bell Telephone Co.: 
4052 West Belle Place, St. 
Mo. 


BEARDsLEE, ROBERT WINSLOW, Engi- 
neering Department, J. G. White & 
Co. 43 Exchange Place, New York 
City. 


res., 
Louis, 


BeEeuwkes, REINIER, Assistant Engi- 
neer, N.Y.C.& H.R.R.R. Electrical 
Department Grand Central Station, 
New York City. 
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BENJAMIN, REUBEN B., President. Ben- 
jamin Electric Mfg. Co.; res., 1992 
Van Buren St., Chicago, Ill. 

BıcLer, Epwarp GorTTLIEB, Drafts- 
man, Western Electric Co.; res., 305 
Millard Ave., Chicago, П. 

Вилле, ASA WHITE KENNEY, Con- 
sulting Engineer, Empedrado 30, 
Havana, Cuba. 

BLAKE, EDWIN MORTIMER, Professor of 
Mechanical Engineering, University of 
Arizona, Tucson, Ariz. 

BorGcer, Henry Epwin, Electrical En- 
gineer, Dayton Electrical Mfg. Со.; 
res., 670 Churchill Apartments, Day- 
ton, O. 

Bowen, Harry W., Patent Attorney, 
Chapin & Co., 310 Main St., Spring- 
field, Mass. 

Buck, Henry СнА$Е, Instructor Elec- 
trical Engineering, American School 


of Correspondence; res., 3343 Аг- 
mour Ave., Chicago, lll. 
BuCKNER, BEN ForsyTHE, Assistant 


Superintendent Overhead Lines, Al- 
legheny County Light Co., res., 4619 
Forbes St., Pittsburg, Pa. 

Burk, ApnppisoN Brown, JR. As- 
sistant Construction Engineer, Elec- 
tric Storage Battery Co., 1400 Asso- 
ciation Bldg., Chicago, П. 

FRANK DANIEL, 


Burr, Engineer on 


Construction, Missouri River Power · 


Co., Canyon Ferry, Mont. 

Butts, D. Jay, Engineer Salesman, 
Western Electric Co.; res., 235 West 
128th St., New York City. 

Cappy, Joun NELSON, Professor of 
Electrical Engineering, University of 
New Mexico, Albuquerque, N. M. 

CARPENTER, LEONARD, Electrical Engi- 
neer, Curtis & Hine, Giddings Bldg., 
Colorado Springs, Colo. 

CLARKE, WiLLIAM A., Cashier, Toledo 
Gas Electric and Heating Co.; res., 
1638 Broadway, Toledo, O. 


Cor, ELMER Ransom, Assistant to Elec- 
trical Engineer, Union Switch and 
Signal Co., Swissvale; 706 Coal 
St, Wilkinsburg. Pa. 


res., 
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CoLEs, WILLIAM CRUSE, Supply Sales- 
man, General Electric Co., Atlanta, 
Ga. 


CRAIG, FREDERICK T., Superintendent 
Construction, Sultepec E. L. & P. 


Co., Temascaltepec, Mex. 
[E. Е. & part payment on dues paid.) 


CREAGMILE, WILLIAM B., Instructor in 
Electrical Engineering, School of En- 
| gineering, Drexel Institute, Phila- 


delphia, Pa. 
[E. Е. & Dues paid.] 


CRUMB, WILLIAM HANFORD, President. 
W. H. Crumb & Co., 1041 First Nat. 
Bank Bldg., Chicago, Ill. 


CRUSE, GEoRGE Epwin, Patent Attor- 
ney, Union Switch & Signal Co., 143 
Liberty St., New York City. 


CuTTING, FREDERICK STEWART, Electri- 
cal Construction Engineer, Massie 
Wireless Telegraph Co., Warren, R. I. 


DeForest, ConNELIUS W., Chief Engi- 
neer, So. Covington & Cincinnati 
Street Railway Co., Newport, Ky. 


DickiNsoN, LEonaRD P. Assistant 
Professor of Electrical Engineering, 
Lafayette College; res., 519 High St., 
Easton, Pa. 


D'ORNELLAS, THOMAS VICENTE, Elec- 
trical Consulting Engineer and Pro- 
fessor, Peruvian Government, Sta 
Teresa 91, Lima, Peru. 


Enpicott, WINTHROP TiNGLEY, Assist- 
ant on Electrolytic Investigation. 
Boston Elevated Railway Co., 552 
: Harrison Ave., Boston, Mass. 


ENDRES, KENNETH WiNDRAM, Elec- 
trical Engineer, American Telephone 
& Telegraph Co., 125 Milk St., Bos- 
ton, Mass. 

ENGEL, Joun Gustav, Electrical Engi- 
neering Department, Twin City Rapid 
Transit Co., Minneapolis, Minn. 

FARNELL, WILLIAM CLEMENT FOSTER. 
Head Final Inspector, New York 
Shop Western Electric Co.; res., 118 
West 49th St., New York City. 


Fieux, Ernest D., Engineering and 
Testing Department, General Elec- 
trice Co.; res., 304 Clinton St.. Schen- 
ectady, N. Y. 
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FOURNIER, GEORGE HENRY, Erecting 
Engineer, Westinghouse Electric and 
Mfg. Co.; res., 1433 Madison Ave., 
Baltimore, Md. 


GARRISON, RALPH Howarp, Superin- 
tendent, Union Railway Supply Co., 
Philadelphia, Pa.; res., 59 High St., 
Woodbury, N. J. 


GARRATT, GRAHAM LESLIE, Tester, 
Thomson Houston General Electric 
Co.; res., 24 Chase St., Lynn, Mass. 


GILBERT, HaRorp ADDINSELL, Drafts- 
man, Kinsman Block System Co.; 
55 Dey St., New York City. 


Gorpon, JAMES RUTHERFORD, District 
Manager, Westinghouse Electric and 
Mfg. Co., Candler Bldg., Atlanta, Ga. 


GROVER, WILLIAM HARLEY, Superin- 
tendent of Fires Light and Power, 
Iowa State College, Ames, Ia. 


HaLL, GAYLORD CROSETTE, Electrical 
Superintendent, Interborough Rapid 
Transit Co.; res., 601 W. 137th St., 
New York City. 


Hartow, Georce, Designer of Trans- 
formers, British Westinghouse Elec- 
trical and Mfg. Co., Ltd., Ashwood, 
Timperley, Cheshire, England. 


Harris, Max, General Sales Manager, 
Nernst Lamp Co., Pittsburg; res., 
1127 Sheffield St., Allegheny, Pa. 


Hart, jack, Battery Construction, 
Gould Storage Battery Co., 1 W. 34th 
St., New York City. 


Hay Luar, BENJAMIN, Jr., Westinghouse 
Electric and Mfg. Co.; res., 123 West 
Washington Lane, Germantown, Pa. 


Hewett, JOHN Кірсе, Engineer Rail- 
way Engineering Department Gen- 
eral Electric Со; res, 8 North 
Brandywine Ave., Schenectady, N. Y. 


HiLLMAN, WILLIAM BENNETT, Superin- 
tendant of Construction, U. S. Recla- 
mation Service North Yakima, Wash. 


HosroRnp, DaniEL Mason, Electrical 
Inspector, Cleveland Inspection Bu- 
reau, 610 Park Bldg., Cleveland, O. 
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HuNSICKER, HARRY JOSEPH, Assistant 
Electrical Engineer, Hudson River 
Electric Power Co., 82 State St., Al- 
bany, N. Y. 

Jack, THomas FrRNiER, Electrical En- 
gineer, Westinghouse Electric and 
Mfg. Co., Pittsburg; res., 7519 Dick- 
son St., Swissvale, Pa. 

JENNISON, ERNEsT NEWTON, Electrical 
Engineer, Westinghouse Electric and 
Mfg. Co., Pittsburg; res, 756 Hil 
Ave., Wilkinsburg, Pa. 


Jones, ALLEN GREEN, Insulator Spe- 
cialist, General Electric Co.; res., 7 
No. College St., Schenectady, N. Y. 

KEMBLE, PARKER HENry, President 
and General Manager, Northern Conn. 
Light and Power Co., Windsor Locks, 
Conn. 

Kempton, WILLIARD Hoyt, Engineer, 
Westinghouse Electric and Mfg. Co., 


Pittsburg; res., 512 Rebecca Ave., 
Wilkinsburg, Pa. 
Keyes, CoRLIS GOSNELL, Salesman, 


Canadian Westinghouse Co., 99 Bay 
St., S. Hamilton, Ont. 

KIMBER, WILLIAM MARMADUKE COPE, 
Instrument Inspector, Leeds and 
Northrup Co., Philadelphia; res., 535 
Church Lane, Germantown, Pa. 

KiRCHER, Harry BERTRAM, Manager, 
Belleville Gas and Electric Co., Belle- 
ville, Ill. | 

KorNic, Davip, Engineer, Western 
Electric Co.; res., 1 Manhattan Ave., 
New York Citv. 

LaciaR, Berr Erwin, District Inspec- 
tor, New York & New Jersey Tele- 
phone Co.; res., 9 Baldwin St., East 
Orange, N. J. 

LANE, Hanorp Bouck, Testing Depart- 
ment, General Electric Co., Schenec- 
tady, N. Y. 


LEE, THoMas FREDERICK, Telephone 
Engineer, Western Electric Co., No. 
Woolwich, London E., England. 


LEHoczkv, PauL von, Assistant Elec- 
trical Engineer, Allegheny County 
Light Co.; res., Southern Ave. and 
Simms St., Pittsburg, Pa. 
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Lewis, Harry B., Division Line Fore- 
man, Central Union Telephone Co.; 
res., The Delano, Indianapolis, Ind. 


Lewis, THEODORE, Electrician and Chief 
Operator, F. J. G. Sub-station, Am- 
sterdam, N. Y. 


LINCOLN, 
Lincoln Electric Co., 
Cleveland, O. 


LowNpEs, ANDREW JACKSON, Engineer, 
Kinsman Block System Co., Wolcott, 
Kan. 


Lyon, Warpo Vinton, Assistant, De- 
partment of Electrical Engineering, 
Massachusetts Institute of Technol- 
ogy, Boston, Mass. 


JOHN CROMWELL, President, 
49 Wood St., 


MacDoweELt, ANDREW SEMPLE, Dis- 
trict Engineer, Westinghouse Electric 
and Mfg. Co., eee Bldg., ыа 
сизе, N. Y. 


Manuoop, Davip M., Chief Sub-inspector 
Equipment Department New York 
Navy Yard; res., 344 6th Ave., Brook- 
lyn, N. Y. 

MAIBAUM, JEROME, 
York Edison Co.; res., 
New York City. 

MARTIN, JAMES FRANK, Foreman in 
Testing Laboratory, Allegheny Coun- 
ty Light Co.; res., 311 Lehigh Ave., 
Pittsburg, Pa. 

McDrenMorr, FRANKLIN PIERCE, JR., 
Electrical Engineer, Westinghouse 
Electric and Mfg. Co., Pittsburg; 
es., 920 Ross Ave., Wilkinsburg, Pa. 

McQuiston, JACKSON CLERDENON, Man- 
ager, Westinghouse Electric and Mfg. 
Co.; res., 10 Mifflin Ave., Edgewood, 
Park, Pa. 

MEES, CURTIS ADOLPH, 
sign, Southern Power Co., 
М. С. 


MILES, FREDERICK, Superintendent of 


Designer, New 
169 E. 80th St., 


Charge of De- 
Charlotte, 


Power, New Milford Power Co., Gay- 
lordsville, Conn. 
MILLER, ANDREW OTTERSON, Corre- 


spondent, Westinghouse Electric and 

Mfg. Co., 11 Pine St., New York City. 
Moore, WILLIAM J., Electrician, Price 

Elec. & Cons. Co., Newcastle, Pa. 
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MorsE, ARTHUR CuRTIS, Technical 
Salesman, Western Electric Co., 463 
West St., New York City; res., 104 
Summit Ave., Summit, N. J. 


Morse, ERNEST CADWELL, Sales Engi- 
neer, Westinghouse Electric and Mfg. 
Co., Boston; res., 11 Dix St., Worces- 
ter, Mass. 


MurpuHy, Patrick ЈОЅЕРН, Electrical 
Engineer, Ford, Bacon and Davis, 
24 Broad St., New York City. 


Musser, Marc JAMES, Engineering De- 
partment, North Shore Electric Co., 
Evanston, Ill. 


Myers, EraL Corman, Haenig Electric 
Co., Springfield, Ill. 


NICKELS, CHARLES BURTON, Assistant 
to General Manager, Toledo Gas, Elec- 
tric and Heating Co.; res., 529 Acklin 
Ave., Toledo, O. 


OESTERREICHER, SANDOR [GNaTI, Elec- 
trical Draftsman, New York Edison 
Co., New York City; res., 342 High 
St., Newark, N. J. 


PEAKER, WILLIAM JAMES, Draftsman, 
Lake Superior Power Co., Saulte Ste 
Marie, Ont. 


PorraRp, NELSON Levi, Electrical En- 
gineer, Ford, Bacon and Davis, 2100 
Ist Ave., Birmingham, Ala. 


Potts, ALFRED GILBERT, Engineer, 
Union Railway Supply Co., 1633 Real 
Estate Trust Bldg.; res., 1627 N. 32d 
St., Philadelphia, Pa. 


RALSTON, ALBERT LENNERT, Electrical 
Engineer, Westinghouse — Electric 


and Mig. Co.,, Pittsburg; res., 1000 
South Ave., Wilkinsburg, Pa. 


READ, WALTER VAN HovrEN, Trans- 
mission Inspector, Central District 
and Printing Co. Telegraph, Pitts- 
burg, Pa. 


REID, WALTER Davip, Telephone En- 
gineer, American Telephone and Tele- 
graph Co., 125 Milk St., res., 41 Pinck- 
ney St., Boston, Mass. 
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RILEY, CHAMPLAIN Lorp, Consulting 
Engineer, Clark and MacMullen, 20 
Broad St., New York City; res., 7 
Myrtle Ave., Plainfield, N. J. 

Rivey, 2d, Lewis Apams, Operating 
Department, J. G. White & Co., 43 

. Exchange Pl; res., 114 W. 80th St., 
New York City. 


ROBINSON, PAUL, Division Superinten- 
dent, California Gas and Electric Cor- 

. poration; res., 2520 Hillegas Ave., 
Berkeley, Cal. 


RopMAN, WALTER SHELDON, Isistructor 
in Physics and Electrical Engineering 
Rhode Island College, Kingston, R. I. 


RossMAN, FRANK Fox, Salesman, West- 
inghouse Electric and Mfg. Co., 600 
Bank of Commerce, St. Louis, Mo. 


SANDERSON, CLARENCE HERBERT, Elec- 
trical Engineer, Westinghouse Elec- 
tric and Mfg. Co., Pittsburg, Pa. 


SHUFF, FRANK K., Chief Engineer, Iowa 
State College, Ames, Iowa. 


SCHUMACHER, JOHN HENRY, Assistant 
Superintendent of Construction, W. I. 
Gray & Co.; res., 2716 University 
Ave., 5. E., Minneapolis, Minn. 


SHvTE, HENRY Damon, Assistant to 
Vice-presfdient, Westinghouse Electric 
and Mfg. Co.; res., 424 Emerson St., 
Pittsburg, Pa. 


ScHWECKE, HeENry C., Electrical Engi- 
neer. General Electric Co.; res., 277 
Glenwood Blvd., Schenectady, N. Y. 


SELDEN, GEORGE KEARSLEY, Construc- 
tion Engineer, Chesapeake & Potomac 
Telephone Co., 722 12th St., М. W., 
Washington. D. C. 


SKEHAN, EUGENE AUGUSTINE, Engineer 
New York Edison Co., New York 
Сиу; res., 913 St. Johns P1., Brooklyn, 
N. Y. 


Умітн, SETH Barton, District Manager, 
Canadian Westinghouse Co., Ltd., 
Vancouver, B. C. 


STANLEY, HOWARD ARTHUR, Outside 
Construction Foreman, Stanley G. I. 
Electric Mfg. Co., Pittsfield, Mass. 
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SUMMERHILL, ERNEST JOHN, Supervis- 
ing Engineer, British Westinghouse 
Electric and Mfg. Co., Ltd., Colling- 
wood Buildings, Newcastle on Tyne, 
England. 


TATEM, CLIFFORD Ross, Technical Sales- 
man, Allis-Chalmers Co.; res., 40 
Gibbs St., Rochester, N. Y. 


TayLor, Henry WirLiAM, Designing 
Engineer, British. Thomson Houston 
Co.; res., 37 Temple St., Rugby, Eng. 


THoMas, Rovar Davip, Oakmont, Pa. 


THOMSON, ROBERT RICHARDSON, Agent, 
General Electric Co., 1003 Majestic 
Bldg., Detroit, Mich. 


THOMSON, WILLIAM HARGADINE, JR., 
Assistant to General Manager, St. 
Paul Gas Light Co., St. Paul, Minn. 


Topp, WiLLiAM NEWMAN, Assistant 
Electrical Engineer, Portland Co., 39 
Cumberland Ave., Portland, Me. 


TONKIN, JUAN, Contracting Engireer, 
J. б. White & Co., 43 Exchange PL; 
res., 420 W. 121st St., New York City. 


Tower, CHARLES Homer, Instructor. 
Cornell University; res., 103 Quarry 
St., Ithaca, N. Y. 


TRAWICK, SAMUEL WILKINS, Agent, 
Railway Department, General Elec- 
tric Co., 44 Broad St.; теѕ., 562 W. 
148th St., New York Cit v. 


Tripp, CHARLES A., Partner, McMeans 
and Tripp, 607 State Life Bldg., 
Indianapolis, Ind. 


Troy, Daxner W., Electrical Expert, 
Stewart & Stewart, 60 Wall St.; res., 
111 W. 104th St., New York City. 


VAN STAAGEN, Harry H., Salesman, 
Westinghouse Electric and Mfg. Co., 
705 Land Title Bldg., Philadelphia, 
Pa. 


VISSCHER, Oswarp WILLIAM, Engineer- 
ing Salesman, Western Electric Co., 
llth and York Sts., Philadelphia, Pa. 


WAGNER, JEAN RoBeErtT, Foreman Meter 
Department, New York Edison Co.; 
res., 238 E. 124th St., New York City. 
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Waters, Henry LaANGWORTHY, Assist- 
ant Electrical Engineer, Central Dis- 
trict and Printing Telegraph Со., 
Pittsburg, Pa. 


WELSH, JAMES WINFIELD, Assistant 
Electrician Pittsburg Railways Co., 
res., 120 Oakview Ave, Edgewood 
Park, Pa. 


WESTBROOK, FRANCIS ABEKEN, Elec- 
trician, Engineering Department Néw 
York and New Jersey Telephone Co.; 
res., 37 Strong Pl, Brooklyn, N. Y. 


WiLDER, GEoRGE WALKER, Telephone 
Engineer, 1761 Monadnock Bldg.; 
res., 5848 Prairie Ave., Chicago, Ill. 


WiLLiAMs, Louis, Superintendent, Un- 
ited Towns Electrical Co., Ltd., Car- 
boncar, Newfoundland. 


WirLLiAMs, PauL Francis, Assistant 
General Inspector, Chicago Edison 
and Commonwealth Electric Co., 139 
Adams St., Chicago, Ill. 


McCartHy, DANIEL JOSEPH, 
Switch and Signal Co., Swissvale; 
res., 608 Lamar St.,Wilkinsburg, Pa. 
Total, 125. 


The Secretary further announced that 
the following Associates were trans- 
ferred to the grade of Member: 


L. S. RaANDporrH, Consulting Engineer, 
Blacksbury, Va. 


ALBERT CAVALLO JEWETT, Electrical 
Adviser to Government Kashmir 
(India) Bamar, Jhelum Valley Road, 
Kashmir, India. 


WILLIAM CoRBIT SPRUANCE, JR., Con- 
sulting Engineer, Equitable Bldg., 
Wilmington, Del. 


Harry ELLSWORTH CLIFFORD, Professor 
of Theoretical Electricity, Massachu- 
setts Institute of Technology, Boston, 
Mass. 


EpGaR Davis EpMoNsTON, Chief Engi- 
neer American Construction Co., New 
Orleans, La. 

GEORGE Roy Woop, Consulting Elec- 
trical Engineer, 1021-1023 Fulton 
Bldg., Pittsburg, Pa. 


Union ` 
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LEE pE Forest, Wiress 
Development, 315 
New York Citv. 

WiLLiAM C. L. Ecrin, Electrical Engi- 
neer, Philadelphia Electric Co., 10th 
and. Sansom Sts., Philadelphia, Pa. 

PETER CoobrER HeEwirrt, Scientist, 11 
Lexington Ave., New York City. 


Telegraph 
West 97th St., 


The Secretary aunounced further 
that upon the recommendation of the 
Committee on Papers and Meetings the 
Board of Directors had decided to hold 
the Annual Convention at Niagara 
Falls, New York, beginning Tuesdav, 
June 25, 1907. 

The following papers were then pre- 
sented: 

1. Alternating-Current 
by J. Le R. Hayden. 

2. Electrolytic Corrosion of Iron and 
Steel in Concrete, by A. A. Knudson. 

3. Some Theoretical Notes on the 
Reduction of Earth Currents from Elec- 
tric Railway Circuits by Means of 
Return Feeders, by Geo. I. Rhodes. 

The following members took part in 
the discussion: Messrs. Stillwell, Water- 
man, Winsor. Corning, Kintner, Town- 
ley, Sever, Ganz, and Steinmetz. 


Electrolysis, 


Increase of Membership. 
In response to the appeal of the Com- 
mittee on Increase of Membership, ask- 
ing members to suggest persons who 
would be likelv to be interested in the 
work of the Institute, from 900 to 1000 
names have been received. Among 
these are many names of persons hold- 
ing positions of responsibilitv; persons 
who would make notable additions to 
our roll. The interest in the work of the 
Institute that has been manifested bv 
many members who have taken the 
trouble to send in several names on the 
reply postals sent out by the Committee, 
is very satisfactorv. The interesting of 
these non-members in the organization 
cannot fail to be of great benefit both 
to themselves and to the Institute. 
The Committee requests that any postals 
still in the hands of members be re- 
turned as promptly as possible. 
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Institute Meetings 
The following schedule has been pre- 
pared by the Committee on Papers, 
subject to possible change due to un- 
foreseen contingencies: 
April Meeting, April 26, 1907: 
“ Light from Gaseous Conductors with- 
in Glass Tubes--The Moore Light,” 
bv D. McFarlan Moore. 


May Meeting, Mav 24, 1907: 

" Facts and Problems Relating to Elec- 
tne Trunk-Line Operation,” by Е. J. 
Sprague. 

А special meeting of the Institute 
under the auspices of the High-Tension 
Transmission Committee will be held in 
Chicago, in conjunction with the Chicago 
Branch, on May 24, 1907. A detailed 
notice of this meeting will appear in 
the April PROCEEDINGS. 


Annual Convention, 
Niagara Falls, N. Y. 
June 25-28, 1907 

Papers Committee: 

" Rowland Telegraphic System and its 
Apparatus." by Frank M. Potts. 
“Some Power Transmission Econom- 

i5," by Е. б. Baum. 

"Notes on Transformer Testing," bv 
H. W. Tobey. 

“Single-phase, | High-Tension Power 
Transmission." by E. J. Young. 

" Ten Years of Niagara Power," by H. 
B. Alverson. 

‘Fractional Pitch Windings for In- 
duction Motors and Alternators.” bv 
U. A. Adams. 

“Attitude of Technical Schools toward 
the Profession of Electrical Engineer- 
ing." by Н. Н. Norris and Valdemir 

. Karapetoff. 

"Signal Engineering,” by L. Е. Howard. 


. 


Topical Discussions: 

l. "Single-Phase versus Multiphase 
Generators for Alternating-Current 
Roads.” 

2. “Standardizing the Frequency for 
Alternating-Current Roads.” 

By A. H. Armstrong, railway engi- 
neering department, General Electric 
Company, Schenectady, N Y.; and 
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N. W. Storer, railway engineering 
department, Westinghouse Electric & 
Manufacturing Company. Pittsburg. 
“ Engineering Specifications," by C. W. 
Ricker. 
“ Vector Diagrams of Single-Phase Com- 
mutating Motor,” by W. I. Slichter. 
“Inductive Disturbances in Telephone 
Lines,” by Louis Cohen. 
And others. 


High-Tension Transmission Committee. 
By special arrangement with the 
chairman of the High-Tension Trans- 
mission Committee, one entire day of the 
annual convention will be devoted 
solely to matters relating to high-ten- 
sion transmission. The following “In- 
troductions " will be presented: 
Extra Insulation of End-Turns of 
Transformer Windings as a Substi- 
tute for Lightning-Arrester Choke- 
Coils, by S. M. Kintner. 
Extra Insulation of End-Turns of 
Transformer Windings as a Substi- 
tute for Lightning-Arrester Choke- 
Coils, by Walter S. Moody. 
Relative Advantages of Single-Phase 
and Three-Phase Transformers, by 
H. W. Tobey. 
Relative Advantages of Single-Phase 
and Three-Phase Transformers, by 
John S. Peck. 
Forced Oil and Forced Water Circu- 
lation for Cooling Oil-Insulated Trans- 
formers, by C. С. Chesney. 
Transmission Line Towers and Eco- 
nomical Spans, bv D. R. Scholes. 


High Tension Trans- 
mission Committee 
The High-Tension Transmission Com- 
mittee arranged with the Committee 
on Papers and Meetings to hold a spe- 
cial meeting of the Institute in the 
Auditorium of the Engineers’ Building, 


33 West Thirty-ninth Street, New 
York, on Fridav, March 22, 1907. at 
8 o'clock. This meeting was held 


under the auspices of the High-Tension 
Transmission Committee, and devoted 
solely to matters relating to high- 
tension transmission. The discussion 
was limited to the subjects contained 
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in the following two ''Introductions 
to Discussion: ”’ 

1. '" Feasibility of Winding Large 
Generators for 20,000 Volts," by B. A. 
Behrend, chief engineer and chief de- 
signer, Bullock Electric Manufacturing 
Company, Cincinnati, O. 

2. " Motor-Generators versus Syn- 
chronous Converters, with Special Ref- 
erence to Operation on Long-Distance 
Transmission Lines," by P. M. Lincoln, 
engineer with Westinghouse Electric and 
Manufacturing Company, Pittsburg, Pa. 

At the request of Mr. Ralph D. 
Mershon, chairman of the High-Tension 
Transmission Committee, the Secretary 
urges all members of the Institute fa- 
miliar with high-tension transmission 
matters to assist the High-Tension 
Transmission Committee in its im- 
portant work by contributing to the 
discussions on the various ''Introduc- 
tions" to be printed in the April and 
May issues of the ProcEEpDINGS. If 
the contribution is to bea written one, 
it should be sent to Mr. Mershon, at 
his office, 60 Wall Street, New York. 
Contributors are particularly requested 
to read the *"“ Explanation” to Бе 
printed on the page preceding the first 
page of each '' Introduction." 


А. S. M. E. Transactions 


The council of the American Society 
of Mechanical Engineers has granted to 
the members of the American Institute 
of Mining Engineers and the American 
Institute of Electrical Engineers the 
privilege of purchasing its publications 
at the rates allowed to its own mem- 
bers. А reciprocal arrangement has 
been made by the Board of Directors 
on behalf of the Institute. 


Applications for Election 

Applications have been received by 
the Secretary from the following can- 
didates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting 
to the election of any of these candi- 
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dates should so inform the Secretary 
before April 26, 1907. 

5853 W. L. DeBaupre, S. Bethlehem, Pa. 
5854 C. Holden, Winnipeg, Can. 

5855 H. H. Boyd, Winnipeg, Can. 
5856 J. F. Boyley, Loughboro, Eng. 
5857 M. Ferry, San Francisco, Cal. 
5858 J. S. Kerins, New York City. 
5859 C. G. Stoll, Chicago, Ill. 

5860 C. J. G. Bergendall, Reading, Pa. 
5861 M. O. Bolser, Ames, Iowa. 

5862 P. R. Farrow, Kakabekaa Falls. 
5863 W. J. Hill, Jr., New York City. 


5864 P. D. Honeyman, New York City. 
5865 R. C. House, New York City. 
5866 C. A. Lyon, E. Orange, N. J. 
5867 A. P. Sloan, Jr., Brooklyn, N. Y. 
5868 O. E. Stevens, Buffalo, N. Y. 
5869 F. C. Almond, Fargo, N. D. 

5870 E. G. Bern, Schenectady, N. Y. 
5871 W. J. Foster, Schenectady, N. Y. 
5872 W. J. Fischer, Malden, Mass. 
5873 E. L. Green, New York City. 
5874 G. R. Hall, New York City. 

5875 H. B. Hewitt, Ridgewood, N. J. 
5876 A. F. Hovey, New York City. 
5877 N. B. Keeler, New London, Conn. 
5878 A. K. Miller, Brooklyn, N. Y. 
5879 F. A. Noyes, Rio Janeiro, Brazil. 
5880 G. B. Nichols, New York City. 
5881 J. T. Seaver, New York City. 


5882 
5883 


Frank Sutton, New York City. 

A. I. Sundheimer, New York City. 
5884 R. P. Howell, Jr., Washington, D.C. 
5885 E. H. Rupe, Chicago, Ill. 

5886 J. A. Robinson, Pittsfield, Mass. 
5887 B. S. York, Chicago, Ill. 

5888 B. J. Bowen, Boston, Mass. 

5889 O. H. Bathgater, Long Island City. 
5890 A. G. Bartolett, Red Bank, N. J. 
5891 J. M. Campbell, Kingston, Ont. 
5892 S. C. Coey, New York City. 

5893 L. A. Crowell, Boston, Mass. 
5894 N. J. Conrad, Chicago, Ill. 

5895 Н. С. Clement. New York City. 
5896 R. W. Eaton, Boston, Mass. 

5897 W. A. Holland, Jr., Schenectady. 
5898 W. A. Hall, New York Cit y. 
5899 Benj. Hurd, New York City. 
5900, John Martin, Rugby, Eng. 

5901 F. D. Morgans, El Paso, Tex. 
5902 R. S. Iremonger, Brooklyn, N. Y. 
5903 Н. M. Putman, Calistoga, Cal. 
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5904 F. W. Reimers, Rock Island, Ill. 
5905 H.S. Rush, Schenectady, N. Y. 
5906 С. J. Stanley, Parnassus, Pa. 
5907 F. P. Valentine, Boston, Mass. 
5908 W.H. Brown, Atlanta, Ga. 
5909 Р.Н. Wilson, Jr., Meadville, Pa. 
5910 У. С. Byers, New York City. 
5911 G. I. Branch, Brooklyn, N. Y. 
5912 Н. S. Elliott, Madison, Wis. 


5913 Н. реу. Garwood, Boulder, Colo. 


5914 J.S.Hill, Washington, D. C. 
5915 Otto Holstein, Lyte, P. I. 
5916 Junzo Itoh, Osaka, Japan. 
3917 R. K. Mickey, Emporium, Pa. 
5918 W. D. Potosky, New York City. 
5919 J. W. Putnam, Hamilton, Ont. 
5920 J. J. Reilly, Philadelphia, Pa. 
5921 C. A. Soans, Chicago, Ill. 
5922 F.H. Shepard, New York City. 
3923 B.C. Thayer, Boston, Mass. 


5924 S. B. Williams, Philadelphia, Pa. 


5925 F.H. Bernhard, Chicago, Ill. 
5926 E. J. Bagnall, Cleveland, O. 
5927 R. S. Child, Brooklyn, N. Y. 
5928 J. A. Fleet, Portland, Me. 


5929 R. G. Humphrey, Colorado Spgs. 


5930 J. С. Manley, Chicago, Il. 
5931 A.F. Norco 
5932 ча B. Otis, Chicago, Ill. 

5933 Isaac Osgood, Lawrence, Mass. 


5934 Vinton S : * 
th, Brooklyn, N. Y. 
5935 ЕМ. Sip, Mie 


5936 E.L. T 


hi , Ш. 
5937 CA enney, Chicago, Il 


Tozer, Ames, Colo. 

5938 T. H. Day, Hartford, Conn. 
3933 L. C. Jones, Chicago, Ill. 

2940 P.L. M oses, Brookline, Mass. 
5941 L. F. M usil, New York City. 
2027 Joseph Morgan, Johnstown, Pa. 
5943 I. M. Noble, New York City. 
5944 D. А. Smith, Jr., Tuskegee, Ala. 
942 W.H. Young, Keyport, N. J. 
5946 С.Е. Bateman, New York City. 
5947 G. B. Leland, Stamford, Conn. 
5948 Alex Nielsen, Newark, N. J. 


5949 E W. O'Farrell, Cardoba, А. R. 
5950 . W. Brownell, Newburgh, N. Y. 


зә E. M. Breed, Vancouver, B. C. 
5952 Е.М. Graham, Pine Beach, Va. 


3993 R. A, Haislip, San Francisco, Cal. 
5954 J.L. Harper, Niagara Falls, N. Y. 
5955 W.R. Kendall, Kansas City, Mo. 


5956 J. Н. Ralston, Albany, Ore. 


Orcross, Minneapolis, Minn. 


rnpson, Minneapolis, Minn. 
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5957 G. C. Thomas, Bridgeport, Conn 
5958 C. R. Cary, Montclair, N. J. 

5959 H. K. Stein, Boston, Mass. 

5960 G. W. Cravens, Schenectady, N. Y 
5961 P. R. Forman, Chicago, Ill. 

5962 J. C. Nowell, Philadelphia, Pa. 
5963 H. Rowntree, Chicago, Ill. 

5964 P. J. Walton, Schenectady, N. Y. 
5965 J.H. Jones, Salt Lake City. Utah. 
5966 W. J. Brown, Shawinigan Falls. 


` 5967 Е. V. Larkin. Telluride, Colo. 
5968 H. H. Seaman, Atlanta, Ga. 
5969 H. W. Sturges, Cambridge, Mass. 
5970 L. W. Carroll, Riverside, Ill. 
5971 R. W. Cauchois, New York City. 
5972 F. W. Gay, New York City. 
5973 C. B. McDonald, Palm Beach, Fla. 
5974 E. R. Northmore, Los Angeles, Cal. 
5975 G. A. Rodenback, Boston, Mass. 
5976 L. H. Cooper, Minneapolis, Minn. 
5977 M. T. Crawford, Seattle, Wash. 
5978 R.A. Carle, Baltimore, Md. 
5979 L. R. Coffin, Quincy, Mass. 


5980 N. H. Daniels, Jr., Boston, Mass. 
5981 Loren Emery, Boston, Mass. 
5982 C. C. Ely, Kansas City, Mo. 

5983 D. Elwell, New Rochelle, N. Y. 
5984 G. A. McCurdy, New York City. 
5985 H. R. Markel, Youngstown, O. 
5986 G. A. Montgomery, Montgomery. 
5987 Wm. S. Maddox, Boston, Mass. 
$988 R. Stebbins, New York City. 
5989 G. W. Uzzell, Minneapolis, Minn. 
5990 J. F. Wilson, Memphis, Tenn. 
5991 B. Withington, Manchester, Eng. 
5992 W. А. Barstow, San Francisco, Cal 
5993 I. R. Solomon, Philadelphia, Pa. 
5994 R. S. Flesheim, Cincinnati, O. 
5995 E. F. Beaubein, Chicago, Ill. 
5996 F. H. Murphy, Des Moines, Ia. 
5997 T. Bergelin, Salt Lake City, Utah. 
5998 A. C. Finnev, Schenectady, N. Y. 
5999 E. L. Gilchrist, Pittsburg, Pa. 
6000 H. K. Hooker, Wellesley Hills, Ms. 
6001 Jesse Peterson, Lockport, N. Y. 
6002 R. W. Smith, New York City. 
6003 A. R. Thompson, New York City. 
6004 M. A. Whiting, Schenectady, N. Y. 
6005 W. T. Masters, Boston, Mass. 
6006 M. E. Rionda, New York City. 
6007 E. G. Schmeisser, New York City. 
6008 E. B. Spalding, St. Paul. Minn. 
Total, 156. 
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Applications for Transfer. 


Recommended for transfer by the Board 
of Examiners, March 15 and 22, 1907. 

Anv objection to these transfers should 
be filed at once with the Secretary. 


€. WELLINGTON KoiINER, Electrical En- 
gineer, 420 Olive Street, St. Louis, 
Mo. 


С. E. MaGNUSSsON, Associate Professor 
Electrical Engineering, University of 
Washington, Seattle, Wash. 


L. Н. ТнсшЕх, Electrical Engineer, 
Union Switch and Signal Co., Pitts- 
burg, Pa. 


RoBERT Francis Havwanp, General 
Manager Mexican Light & Power Co., 
Ltd., Mexico, D. F. 


PETER JUNKERSFELD, Electrical Engi- 
neer, Chicago Edison Co., Chicago, Til. 


ALBERT B. HERRICK, Consulting Elec- 
trical Engineer, Ridgewood, N. J. 


Friendly Finance 
A check for $50,000, the largest 
amount ever negotiated through the 
Institute’s treasury, was handed to 
Chairman T. Commerford Martin on 


March 21, and represented the contri- : 


bution of the Westinghouse companies 
to the building funds of the three 
founder societies. It was delivered to 
Chief Clerk Macnabb on March 25 and 
deposited the same day in the Fifth 
Avenue branch of the Farmers' Loan 
and Trust Company. Two checks each 
representing one third of the amount 
were sent to Treasurer Hamilton to be 
signed, and on March 26 were delivered 
to the American Society of Mechanical 
Engineers and the American Institute 
of Mining Enyineers. Mr. Martin has 
been a most enthusiastic advocate of the 
belief that the large manufacturing 
companies owe much of their success 
to the work of the national engineer- 
ing organizations. The phenomenal 
growth of the Land Building and En- 
dowment Fund proves that his faith 
and work make a winning combination. 
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Personal. 


Mr. R. CROWELL has removed from 
Sutter Creek, to Electra, Cal. 


Mr. GEgoncE M. Mayer, mechanical 
and electrical engineer, has removed 
from Chicago, to Elkhart, Ind. 


Mr. E. L. FARRAR is now in the in- 
duction motor department of the Gen- 
eral Electric Company, at Schenectady, 
N. Y. 


Mr. T. C. James has lett Buffalo, 
N. Y., and is associated with the Allis- 
Chalmers-Bullock Company, at Mon- 
treal. 


Mr. BENJAMIN MAGNUS, metallurgical 
engineer, has removed from Martinez, 
Cal., to 19 West 94th street, New York 
City. 


Mr. J. S. VIEHE is now associated 
with the Federal Construction Company 
Rockingham, N. C., as electrical en- 
gineer. | 


Mr. Hanorp B. ATKINS, formerly of 
Roselle, N. J., is with Dodge and Day, 
engineers, Drexel Building, Philadel- 
phia, Pa. 


Mr. Олу:р Е. Hupp ie, JR., is now 


‘in the switchboard department of the 


General Electric Company, at Schenec- 
tady, N. Y. 


Mr. A. J. J. PFEIFFER has been made 
general manager and chief engineer of 
the Calcutta Tramways Company, Cal- 
cutta, India. 


Mr. №. Goprrey T. К. Pope, for- 
merly of London, Eng., is now with La 
Union Telephonica, 1193 Rivadavia, 
Buenos Avres, A. R. 


Mr. F. S. DENNEEN, formerly assist- 
ant manager of the Ohio Brass Com- 
pany, is now commercial engineer for 
the same company. 
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Мк. E. б. ErLioTT has left Perth 
Amboy, N. J., and isassociated withthe 
Selby Smelting and Lead Company, 
South San Francisco, Cal. 


Mr. WILLIAM J. SMITH, formerly with 
Robbins and Myers, is now manager of 
the Wallace-Smith Company, 19 Murray 
street, New York City. 


Mr. Н. S. WirrisToN, formerly of 
New York City, is now with the Massa- 
chusetts Electric and Manufacturing 
Co., of West Lynn, Mass. 


Mr. E. W. AcKLAND has left Noyes 
Bros., Dunedin, N. Z., and is with the 
National Electrical and Engineering 
Company of Dunedin, N. Z. 


Mn. CHARLES W. Носам, formerly 
with the American Electric Lamp Com- 
panv, is with the Novelty Incandescent 
Lamp Company, Emporium, Pa. 


Mr. Martin О. SourHwoRTH has 
left Indianapolis, to become engineer of 
electrical department with Fairbanks, 
Morse and Company, of Chicago. Ill. 


Mr. JosepH B. Baker, formerly with 
the General Electric Company at Schen- 
ectady, is now technical editor, fuel 
investigations, at Washington, D. C. 


Mr. Henry L. FrIDENBERG, formerly 
of Tonopah, Nev., is now with the 
Nevada Smelting and Mines Corpora- 
tion at 25 Broad street, New York City. 


Mr. Wa. С. Davis, formerly of Wash- 
ington, D. С., is now with the Westing- 
house Machine Company, No. 10 Bridge 
Street, aS Storage battery sales engineer. 


Mr. A. E. Woop, formerly with the 
Stanley G. I. Electric Manufacturing 
Company of Pittsfield, Mass., is now 
with the Trumbull Electric Manufac- 
turing Company, at Plainville, Conn. 
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Mr. W. C. FonsvTHE has changed his 
address from Tallahassee, Fla., to Mo- 
bile, Ala., where he is associated with 
the Mobile Electrical Supply Company. 


Mr. A. W. K. PzEiRcz, formerly elec- 
trical engineer, Consolidated Gold Fields 
of South Africa, is now with the Vic- 
toria Falls Power Company, London, 
Eng. 


Mr. W. A. Durr has removed from 
the Montreal office of the Canada West- 
inghouse Company, Ltd., to the same 
Company's address at Winnipeg, Man- 
itoba. 


Mr. LAWRENCE W. Capy has removed 
from Cambridge, Mass., and is now 
chief engineer of the W. J. Barr Electric 
and Manufacturing Company, of Cleve- 
land, O. 


MR. WiLLiAM W. S. BUTLER is at 
present general manager and engineer 
for the Newport News and Old Point 
Railway and Electric Company, Hamp- 
ton, Va. 


Mr. Harry L. St. Georce has 
changed his address from Fidelity 
Building, Buffalo, N. Y., to 60 Wall 
street, New York City, with Ralph D. 
Mershon. 


Мк. J. I. MarrHias. formerly with 
the Philadelphia Electric Company, is 
now associated with the Licking Light 
and Power Company at Newark, O., as 
manager. 


Mr. HENRY JOHN GOLDING, electrical 
engineer, formerly with the Western 
Electric Company of Chicago, is now 
with Elliott Bros., Lewisham, London, 
S. E., Eng. 


Mr. WALTER B. Gump has left the 
Cleveland Construction Company, and 
is now located at 2510 Juliet Ave., Los 
Angeles, Cal., as electrical and mechan- 
ical engineer. 
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Мк. Е. С. Proutt has removed from 
Memphis, Tenn. and is now general 
manager of the Jackson Electric Rail- 
way Light and Power Company, at 
Jackson, Miss. 

Mr. J.G. Braine RerLocLe, formerly 
with Jos. Saltzman Company, of Chi- 
cago, is now assistant electrical in- 
spector for the Western Electric Com- 
pany, of Chicago. | 


‘Mr. W. Н. Acker has changed his 
address from the Westinghouse Elec- 
tric and Manufacturing Company, to 
the West Penn Railways Company, 
Connellsville, Pa. 


Мв. S. EpcAR WHITAKER, formerly of 
Portland, Me., has been appointed office 
manager of the American Society of 
Mechanical Engineers, 29 West 39th 
street, New York City. 


Mr. CLARENCE H. Eris, formerly 
with the Georgia Florida Mill Company, 
at Alton, Fla., has accepted the position 
of superintendent of the city electric 
hght plant at Tallahassee, Fla. 


Mr. THomas L. Morri ty, formerly 
with the Mexican Light and Power Com- 
pany, at El Oro, Mex., is electrical en- 
gineer for the Compana de Potencia 
Electrica de Colima, Colima, Mex. 


Mr. С. S. Martua has left the West- 
inghouse Electric and Manufacturing 
Company of Pittsburg, to accept a po- 
sition as electrical engineer. with the 
Western Electric Company at Chicago. 


Mr. Fare D. Sitver has left the po- 
sition. of chief engineer of the State 
Prison at Michigan City, Indiana, and 
is now electrical engineer with the 
Western Electric Company, Hawthorne, 
I. 

Mr. Louis С. F. NAUTRE, formerly 
with the Empire State Power Company, 
of Amsterdam, М. Y., 15 now engaged 
as test expert with Morton Havens, Jr., 
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constructing engineer, 79 Chapel street, 
Albany, N. Y. 


Mr. O. I. EBERHART has resigned his 
position with the Crocker-W heeler Com- 
pany at Ampere, N. J., and is now in 
the sales department of the Westing- 
house Electric and Manufacturing Com- 
pany, Philadelphia office. 


Mr. FRANK GAIENNIE, JR., has left 
his position as superintendent of switch- 
boards with the Kinloch Telephone 
Co., of St. Louis, Mo., his present ad- 
dress being, electrical engineer, Apar- 
tado 154, Oaxaca, Mexico. 


Mr. James Е. MEIsTER, formerly 
with the Westinghouse Electric and 
Manufacturing Co., at East Pittsburg. 
Pa., has accepted a position with the 
Stone and Webster Corporation, 84 
State street, Boston, Mass. 


Mr. J. WALTER GILLETTE has re- 
signed from his position as engineer 
with the National Battery Company of 
Buffalo, N. Y., to assume the manage- 
ment of the Fort Smith Light and Trac- 
tion Company, Fort Smith, Ark. 


Mr. Carvin W. Rice, recently con- 
sulting engineer with the General Elec- 
tric Company, 44 Broad street, has been 
appointed secretary of the American 
Society of Mechanical Engineers, 29 
West 39th Street, New York City. 


Мк. Sypney W. Brown, formerly 
with the British Columbia Railway 
Company of Vancouver, has taken the 
position of construction engineer with 
the Canadian Westinghouse Company, 
Sovereign Bank Building, Montreal. 


Mn. Sanrorp Davis has changed his 
address from the Canada General Elec- 
tric Company, 148 Notre Dame East. 
Winnipeg. to the Canadian General 
Electric Company, engineering depart- 
ment, 14 King street, East, Toronto. 
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Мк. E. C. Creacu has left his posi- 
tion of assistant engineer for Noyes 
Bros.. Dunedin, №. Z.. to go to the 
transformer department of the British 
Westinghouse Electric and Manufac- 
turing Company, Trafford Park, Man- 
chester, Eng. 

Mr. CLARENCE E. DELAFIELD has re- 
signed his position with the Wagner 
Electric and Manufacturing Company, 
as St. Louis district manager, and 1s 
connected with the Ohio Brass 
Company, at Mansfield. O., as manager 
of the high tension division. 


now 


МАХ ALTER G. CLARK, Vice-president 
of the Kilbourne and Clark Company, 
at Seattle, Wash., has changed his ad- 
dress to 135 Broadway, New York City, 
being president respectively of the 
Parker Clark Electric Company, the 
Clark Electric and Manufacturing Com- 
pany, and the Clark and Cowles Valve 
Company. | 


Mr. Jose pe Sta СЕСПЛА has re- 
signed his position with Messrs. Trajano 
de Medeiros and Company, and has 
accepted the situation of chief elec- 
trical engineer for the municipality of 
Bello Horizonte, capital of the State 
of Minas, Brazil, in charge of the hydro- 
electric plant for lighting, power and 
tramways. Не will also supervise 
the construction of the new plant. 
3200 h.n. capacity, 45 kilometre, 40,000 
volts transmission line. 


Мк. M. [. Wicutmax, Member 
АТЕЕ., has filed with the city clerk 
of Seattle, Wash., his acceptance of the 
recently granted Fourth Avenue S. ct al 
franchise. This franchise requires the 
grantees, their successors and assigns,to 
construct an interurban line between 
Seattle and Tacoma, and have the same 
in operation prior to July, 1909. This 
line will be about 30 miles in length, 
and will be several miles shorter than 


the Seattle and Tacoma Interurban line 


now in operation. 
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Obituary 

James Brake CaHooN, former presi- 
dent of the National Electric Light As- 
sociation, died at his home in New Ro- 
chelle, N. Y., February 17, 1907. Mr. 
Cahoon was born at Lyndon, Vt., De- 
cember 22, 1856, and graduated from 
the United States Naval Academy іп ` 
1879, subsequently taking a post- 
graduate course in electricity and chem- 
istry at the Torpedo School. In 1889 
he was appointed manager of the ex- 
pert department of the Thomson- 
Houston Electric Company at Lynn, 
Mass. In 1895 he became, general man- 
ager of the Elmira Municipal Improve- 
ment Company operating the electric 
railway gas and water plants of the 
city. During the war with Spain he 
served as a volunteer, and was given 
honorable mention for excellent service. 
Mr. Cahoon was elected an Associate 
june 17, 1890, and transferred to the 
grade of Member May 19, 1891. He 
was appointed a member of the Board 
of Examiners by President Duncan in 
1895, and served three years. At the 
time of his death he was vice-president . 
of the Eldenbel Construction Company 
at 42 Broadway. 


Frank L. FREEMAN, patent attorney, 
died in Washington, D. C., Tuesday, 
March 5, 1907. He was a native of 
Massachusetts, having been born in 
Marlborough April 25, 1847. He was 
for three vears principal examiner in 
charge of the class of electricity in the 
United States Patent Office, resigning 
in 1883 to practice patent law. He was 
one of the governirent commissioners 
to the Paris Electrical Exposition in 
1881, and served on one of the juries. 
He was a member of the Institution of 
Electrical Engineers of Great Britain. 
Dr. Freeman was frequently called upon 
to testify as an electrical expert in the 
courts. He was elected an Associate 
May 7, 1889, and transferred to the 
grade of Member September 3, 1889. 
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Officers and Board of 
Directors, 1906-1907. 


PRESIDENT. 


Term expires 1907. 
SAMUEL SHELDON, Brooklyn, N. Y. 


JUNIOR PAST-PRESIDENTS. 


JOHN W. LIEB, JR., New York, N. Y. 
SCHUYLER S. WHEELER, Ampere, N. J. 


VICE-PRESIDENTS. 


Term expires 1907. 
CHARLES A. TERRY, New York, N. Y. 
TOWNSEND WOLCOTT, New York, N. Y. 
GANO DUNN, Ampere, N. J. 


Term expires 1908. 
A. H. ARMSTRONG, Schenectady, N. Y. 
FRANK G. BAUM, San Francisco, Cal. 
H. H. HUMPHREY, St. Louis, Mo. 


MANAGERS. 


Term expires 1907. 
C. O. MAILLOUX, New York, N. Y. 
HENRY G. STOTT, New York, N. Y. 
JAMES G. WHITE, New York, N. Y. 
LOUIS A. FERGUSON, Chicago, Ill. 


Term expires 1908. 
CUMMINGS C. CHESNEY, Pittsfield, Mass. 
BANCROFT GHERARDI, New York, N Y. 
CALVERT TOWNLEY, New Haven, Conn. 
CHARLES L. EDGAR, Boston, Mass. 


Term expires 1909. 
A. M. SCHOEN. Atlanta, Ga. 
PAUL SPENCER, Philadelphia, Pa. 
JOHN J. CARTY, New York, М.Ү. 
PAUL M. LINCOLN, Pittsburg, Pa. 


TREASURER. 


Term expires 1907. 
GEORGE A. HAMILTON, New York, N. Y. 


SECRETARY. 


Term expires 1907. 
RALPH W. POPE, New York. N. Y. 


Past-Presidents. 


NORVIN GREEN, 1884-5-6. 
FRANKLIN L. POPE. 1886-7. 
T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 
ELIHU THOMSON, 1889-90. 

W. A. ANTHONY, 1890-91. 
ALEX. GRAHAM BELL. 1891-2. 
FRANK J. SPRAGUE, 1892-3. 
EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 
FRANCIS B. CROCKER, 1897-8. 
A. E. KENNELLY. 1898-1900. 
CARL HERING, 1900-1901. ~ 


~ 


CHARLES P. STEINMETZ, 1901-2 
CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, JR., 1904-5. 
SCHUYLER S. WHEELER, 1905-6. 
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GENERAL COUNSEL. 
PARKER and AARON, New York, N. Y. 


Standing Committees. 


EXECUTIVE COMMITTEE. 


SAMUEL SHELDON, Chairman, 

Polytechnic Institute, Brooklyn, N. Y. 
JOHN J. CARTY, New York, N. Y. 
GEORGE A. HAMILTON. New York, N. Y. 
RALPH W. POPE, New York, N. Y. 
HENRY G. STOTT, New York, N. Y. 
CHARLES A. TERRY, New York, N. Y. 
CALVERT TOWNLEY, New Haven, Conn. 


COMMITTEE ON FINANCE. 


JOHN J. CARTY, Chairman, 

_ 18 Cortlandt St., New York, М. Y. 
GANO DUNN, Ampere, N. J. 
JAMES G. WHITE, New York, N. X. 


COMMITTEE ON PAPERS. 


HENRY G. STOTT, Chairman, 

600 W. 59th St.. New York. N. Y. d 
BERNHARD A. BEHREND, Norwood, O. 
HENRY A. LARDNER, New York, N. Y 
PAUL M. LINCOLN, Pittsburg, Pa. . 

E. WILBUR RICE. JR., Schenectady, N. Y. 


BOARD OF EXAMINERS. 


WILLIAM MAVER, JR., Chairman, 

136 Liberty St., New York, N. Y. 
H. FLEETWOOD ALBRIGHT, New York. N. Y. 
FRANK W. ROLLER. New York, N. Y. 
LEWIS B. STILLWELL, New York, N. Y. 
TOWNSEND WOLCOTT, New York, N. Y 


LIBRARY COMMITTEE. 


WILLIAM J. JENKS, Chairman, 

120 Broadway, New York, N. Y 
EDWARD CALDWELL, New York, N. Y. 
CHARLES F. CHANDLER, New York, N. Y. 
CHARLES A. TERRY, New York, N. Y. 

F. N. WATERMAN, New York, N. Y. 


EDITING COMMITTEE. i 


THOMAS J. JOHNSTON, Chairman, i 
11 Pine St., New York, N. Y. 

GANO DUNN, Ampere, N. J. 

CECIL P. POOLE. New York, N. Y. 
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Special Committees. 


STANDARDIZATION COMMITTEE. 


FRANCIS B. CROCKER, Chairman, 

Columbia University, New York, N. Y. 
ARTHUR W. BERRESFORD, Milwaukee, Wis 
DUGALD C. JACKSON, Madison, Wis. 
ARTHUR E. KENNELLY, Cambridge, Mass. 
C. O. MAILLOU X, New York, М. Y. 
ROBERT B. OWENS, Montreal, Can. 
CHARLES F. SCOTT, Pittsburg, Pa. 
HENRY G. STOTT. New York, N. Y. 
CHARLES P. STEINMETZ, Schenectady, N. Y 
SAMUEL W. STRATTON, Washington, D. C. 
ELIHU THOMSON, Lynn, Mass. 


COMMITTEE ON LAW, 


C O. MAILLOUX, Chairman, 

76 William St., New York. N. Y. 
ALBERT H. ARMSTRONG, Schenectady, N. Y. 
CLAYTON W. PIKE, Fhiladelphia, Pa. 
PAUL SPENCER, Philadelphia, Pa. 
CHARLES A. TERRY, New York, N. Y. 


BUILDING FUND COMMITTEE. 


T. COMMERFORD MARTIN, Chairman. 
114 Liberty St., New York, N. Y. 
JOHN C. BARCLAY, New York, N. Y. 
JOHN J. CARTY, New York, N. Y. 
CHARLES L. EDGAR, Boston, Mass. 
FRANCIS W. JONES, New York, N. Y. 
JOHN W. LIEB, JR.. New York, N. Y. 
PRANK J. SPRAGUE, New York, N. Y. 
JAMES G. WHITE, New York, N. Y. 


COMMITTEE ON FOREST PRESERVATION. 


FREDERIC A. C. PERRINE, Chairman, 
60 Wall St., New York, N. Y. 
HORATIO A. FOSTER, Baltimore, Md. 
PHILIP G. GOSSLER, New York, N. Y. 
WILLIAM P. JUDSON, Broadalbin, N. Y. 
HENRY A. PRESSEY, Washington, D. C. 
CHARLES A. WADDELL, Biltmore, N. C. 


COMMITTEE ON A CODE OF ETHICS, 


SCHUYLER SKAATS WHEELER, Chairman, 
Ampere. N. J. 

HAROLD W. ВОСК. New York, М. Y. 

CHARLES P. STEINMETZ, Schenectady, N. Y 


COMMITTEE ON INCREASE OF MEMBERSHIP. 


PERCY H. THOMAS, Chairman, 

111 Broadway, New York, N. Y. 
FREDERICK C. BATES. New York, N. Y. 
AINSLIE A. GRAY, New York, N. Y. 
FREDERICK L. HUTCHINSON, New York. 
E B. MERRIAM, S henectadv, N.Y. 
EDWIN H. SEAMAN, Winston-Salem, N.C. 


HIGH-TENSION TRANSMISSION COMMITTEE. 
RALPH D. MERSHON, Chairman, 

60 Wall St.. New York. N. Y. 
FRANK G. BAUM, San Francisco, Cal 
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FRANCIS О. BLACKWELL, New York, М. Y. 
CUMMINGS C. CHESNEY, Pittsfield, Mass. 
M. H. GERRY, JR., Helena, Montana. 

PAUL M. LINCOLN, Pittsburg, Pa. 
RAYMOND S. MASSON, Los Angeles, Cal. 
WALTER S. MOODY, Schenectady, N. Y. 


COMMITTEE ON TELEPHONY. 


KEMPSTER B. MILLER, Chairman, 
Monadnock Building, Chicago, Ill. 
EDWARD E. CLEMENT, Washington, D.C. 
WILLIAM W. DEAN, Elyria, O. 
BANCROFT GHERARDI, New York, N. Y. 
FRANK R. McBERTY, New York. 


COMMITTEE ON BIBLIOGRAPHY. 
WILLIAM D. WEAVER, New York, N. Y 


NATIONAL ELECTRIC CODE COMMITTEE. 


FREDERIC A. C. PERRINE, Chairman, 
60 Wall St., New York, N. Y. 
JOSEPH C. FORSYTH, New York, N. Y. 
A. M. SCHOEN, Atlanta, Ga. 
GEORGE F. SEVER, New York, N. Y. 
H. A. SINCLAIR, New York, N. Y. 
ARTHUR WILLIAMS, New York, N. Y. 
CHARLES J. H. WOODBURY, Boston, Mass. 


LOCAL ORGANIZATION COMMITTEE. 


PAUL SPENCER, Chairman, 

Broad and Arch Sts., Philadelphia, Pa. 
LOUIS A. FERGUSON, Chicago, Il. 
WINDER E. GOLDSBOROUGH, New York. 
HENRY H. HUMPHREY, St. Louis, Mo. 
KEMPSTER B. MILLER, Chicago, Ill. 
HENRY H. NORRIS, Ithaca, N. Y. 

DAVID B. RUSHMORE, Schenectady, N. Y. 


EDISON MEDAL COMMITTEE. 


JOHN W. HOWELL. Chairman. 
BANCROFT GHERARDI, Secretary. 
CHARLES S. BRADLEY. 
CHARLES L. CLARKE. 
CHARLES L. EDGAR. 

JOHN F. KELLY. 

T. COMMERFORD MARTIN 
CHARLES F. SCOTT. 

WM. HAND BROWNE, Jr. 
HENRY L. DOHERTY. 

GEO. A. HAMILTON. 


SAMUEL REBER. 


FRANK J. SPRAGUE. 
“TOWNSEND WOLCOTT. 
HENRY G. STOTT. 


REPRESENTATIVES ON BOARD OF AWARD 
OHN FRITZ MEDAL. 

BION J. ARNOLD. 

JOHN W. LIEB, Jr. 

SCHUYLER SKAATS WHEELER. 

SAMUEL SIIELDON. 
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Local Secretaries. 


AMES, IOWA.—ADOLPH SHANE. 
Iowa State College. 


ANN ARBOR, MICH.—C. J. WHIPPLE, 
556 South State St. 


ATLANTA, QA.—W К. COLLIER, 
463 North Jackson St. 


BALTIMORE MD.—CHAS. G. EDWARDS, 
Electrical Commission, City Hall. 


BETHLEHEM, PA.—M. T. SALDANA, 
Lehigh University. 


BOSTON, MASS.—C. H. PORTER, 
Dept. of Elec. Eng., Mass. Inst. Technology. 


BOULDER, COLO.—A. C. STREAMER, 
University of Со:огадо. 


CHICAGO, ILL.—C. E. FREEMAN. 
Armour Inst. of Technology 


CHICAQO, ILL.—H. R. KING, 
Western Electric Co. 


CINCINNATI, 0O.—LAURENT LOWENBERG, 
Bullock Elec. Mfg. Co. 


COLUMBIA, MO.—H. D. CARPENTER, 
University of Missouri. 


COLUMBUS, 0.—F. E. BEUTLER, 
Ohio State University. 


COLUMBUS, 0.—H L. COOK, 
Engineers’ Club. 


FAYETTEVILLE, ARK.—K. A. REED, 
University of Arkansas. 


ITHACA, N. Y.—H. H. NORRIS, 
Franklin Hall, Cornell University. 


LAFAYETTE, IND.—J. W. ESTERLINE, 
Electrical Eng. Dept., Purdue University. 


MADISON, WIS.—J. W. SHUSTER, 
University of Wisconsin. 


PHILADELPHIA, PA.—H. F. SANVILLE, 
597 Drexel Bldg. 


PITTSBURG, PA.—H. D. JAMES, 
Westinghouse E. & М, Co. 


PITTSFIELD, MASS.—S. H. BLAKE, 
Stanley-G. I. Elec. Mfg. Co. 


ST. LOUIS, MO —W. E. BRYAN, 
Washington University. 


ST. LOUIS, MO.—J. H. FINNEY. 
Nat ] Bank of Commerce Bldg. 


ST. PAUL, MINN.—BARRY DIBBLE, 
1317 Summit Ave. 


SAN FRANCISCO, CAL.—A. H. BABCOCK, 
1216 Webster St., Oakland. 


SCHENECTADY, N. Y.—E. E. F. CREIGHTON 
General Electric Co. 


SEATTLE, WASH.—W. S. WHEELER, 
3120 East Union Street. 


STATE COLLEGE, PA.—H. L. FREDERICK, 
Pennsylvania State College. 


SYRACUSE, N. Y.—R. A. PORTER, 
Syracuse University. 


TORONTO, ONT.—L. W. PRATT. 
306 Stair Building. 


URBANA, ILL.—M. K. AKERS, 
University of Illinois. 


WASHINGTON, D. C.—PHILANDER BETTS, 
"The Oakland.” 


WORCESTER, MASS.—4. T. CHILDS. 
Worcester Poly Inst. 


Local Honorary Secretaries. 


JAMES S. FITZMAURICE, 
210 George St., Svdney, N. S. W. 


H. F. PARSHALL, 
Salisbury House, London Wall E. C., London. 


ROBERT B. OWENS, 
McGill Universitv, Montreal, P. Q 


WM. B. HALE, 
Arco de San Agustin 8, City ot Mexico. 


CLARE F BEAMES, 


(for Porto Rico and West Indies.) 
San Juan, P. R. 


W.G T. GOODMAN, 
Dunedin, New Zealand. 
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LOCAL ORGANIZATIONS—DIRECTORY. 


` 


Washington, D. C.. Apr. 9, '03. 


UNIVERSITY BRANCHES. 


Cornell University. Oct. 15, '02 


lowa State College. .Apr. 
Lehigh University. Oct. 


15, 
15, 


Purdue University ..Jan. 26, 


Syracuse University Feb. 


Univ. of Wisconsin. Oct. 
Univ. of Iflinois....Nov. 


24. 


15. 
25, 


'03 
'02 
'03 
'05 


'02 
'02 


Worcester Polytechnic Institute, 
Mar. 25, '04 


STUDENT MEETINGS. 


Armour Institute. ..Feb 
Ohio State Univ. . ..Dec 


Penn. State College.Dec 
Univ. of Arkansas.. Mar 
Univ. of Colorado. . Dec 
Univ. of Michigan.. Mar 
Univ. of Missouri. . Jan 
Washington Univ. ..Feb 


Edgar Russel 


E. L. Nichols. 


F. A. Fish. 

A. W. Lawson. 
C. P. Matthews. 
W. P. Graham 


F. M C.nlee. 


Morgan Brocks. 


A. P. Chapman. 


C. E. Freeman 


H. C. Bartholomew 


C. L. Christman 
W. B. Stelzner. 
J. N. Kellogg. 
Kenneth Barry 
H. B. Shaw 

A. S. Langsdorf 


Philander Betts. 


H. H. Norris. 


Adolph Shane. 

M. T. Saldana. 
J. W. Esterline. 
R. A. Porter. 


J. W. Shuster. 
M. K. Akers. 


A T.Childs 


C. E. Freeman 


F. E. Beutler 


H. L. Frederick 
K. A. Reed. 

A. C. Streamer. 
C. J. Whipple. 
H. D. Carpenter. 
W. E. Bryan. 


1st Thursday. 


Branches Organized. Chairman. Secretary. Branch Meets. 
BRANCHES. 

Atlanta. ........... Jan. 19, '04 | A. M. Schoen. W. R. Collier. 

Baltimore......... Dec. 16, '04 | J. B. Whitehead. C. G. Edwards. 2d Friday. 

Boston............ Feb. 13, '03 | H. E. Clifford. C. H. Porter. 3d Wednesday 

Chicago................. 1893 | P. B. Woodworth. H. R. King. Ist Tuesday after 
N. Y. meeting. 

Cincinnati......... Dec. 17, '02 | C. S. Reno. L. Lowenberg. 

Columbus... ....... Dec. 20, '03 | F. W. C. Bailey. H. L. Cook. Ist Monday. 

Minnesota.......... Apr. 7, '02 | H. J. Gille. Barry Dibble. Ist Friday after 
N. Y. meeting. 

Pittsburg.......... Oct. 13, '02 | Н. W. Fisher. - H. D. James. 2d Tuesday. 

Pittsfie!d.......... Mar. 25, '04 | Gilbert Wright. S. H. Blake. 3d Thursday. 

Philadelphia....... Feb. 18, '03 | W. C. L. Eglin. H. F. Sanville. 2d Monday. 

San Francisco...... Dec. 23, '04 | C. L. Cory. A. H. Babcock. 

Schenectady....... Jan. 26, '03 | D. B. Rushmore. E. E F. Creighton. | 2d Wednesday. 

Seattie............ Jan. 19, '04 | C. E. Magnusson. W. S. Wheeler. 3d Saturday. 

St. Louis.......... Jan. 14, '03 | A. S. Lang:dorf. J. H. Finney. 2d Wednesday. 

Toronto. ......... Sept. 30, '03 | R. G. Black. L. W. Pratt. 2d Friday. 


lst Friday after 
N. Y. meeting. 


Ist Wednesday. 
3d Thursday 
Every Tuesday. 


Ist and 3d Thurs- 
days. 


4th Thursday. 
Ist Wednesday 


3d Monday 


Every Tuesday 


evening 

Every Wednesday 

Ist & 3d Tuesdays 

Ist and За Wednes- 
days 

Ist and За Wednes- 
days 

Ist and 3d Fridays 

1st Wednesday 


CONTENTS OF SECTION I. 


Frontispiece— Auditorium of the Engineer’s Building 
Editoríal Comment А i " : 


a" a o о 
Ф 


DEDICATION OF THE ENGINEERS' BUILDING, April 16-17, 1907 


' APRIL 16, 1907. 


Historical Address, by Charles F. Scott - - 
Address, by E. E. Olcott - - - 
Address, by Andrew Carnegie  - - - 


T he Professional Ideals of the Twentieth Century, by Arthur Twining 


Hadley - : - - - 


Formal Dedications of the Building, by Charles Wallace Hunt 


APRIL 17, 1907. 


Opening Remarks, by John W. Lieb, Jr. - 
Address, by Samuel Sheldon - " : 


Some Significances of the Engineers’ Building, by Frederick R. Hutton 


Address, by John Hays Hammond а ЫШЫ 


Greetings from the Engineers’ Club, by T. Commerford Martin. 


Address, by William Henry Preece, K. C. B., F. R. S. 
Address, by Henry W. Pritchett - - 


Presentation of the John Fritz Medal to Alexander Graham Bell 


Response, by Alexander Graham Bell - - 


- 


Address, by Albert R. Ledoux in Presenting the “Distinguished 
Service Medal” to Ralph Wainwright Pope, Frederick Remsen 


Hutton, and Rossiter Worthington Raymond 


Response on Behalf of the Recipients of the “Distinguished Service 


Medal,” by Frederick R. Hutton — - г 
Professional Sessions of the Founder Societies  - 


Rates of Charge for Electricity and their Effect on Cost, by J. S. Codman - 


Local Organizations - - - - - 
Minutes of New York Meeting, March 29, 1907 - 
Future Institute Meetings and Annual Convention  - 
High Tension Transmission Committee - - 
Applications for Election and Transfer - - 
Personal—Obituary - - - A 2 
Officers and Board of Directors - - - 
Local Secretaries— Directory of Local Organizations - 


і 
3 


Зоир ,ssaeumugq 343 jo шпиоџрпу au, 


- Е -— - — — = 
—— че» с SRL ume == —— 


1907] 


PROCEEDINGS 


OF THE 
American Institute 


OF 


Electrical Engineers. 


Published monthly at 33 W. 39th St., New York 
City, under the supervision of 


THE EDITING COMMITTEE, 


THOS. J. JOHNSTON, Chairman. 
САМО DUNN. CECIL Р. POOLE. 


RALPH W. POPE, Editor. 


Subecription. United States, Canada, Mexico and 
Cuba. $5 per year. 
A!l other countries $6 per year. 
Sing:e copy 50 cents. 
Subscriptions must begin with January issue. 


dvertisements accepted from reputable concerns 
at the following net rates: 


Less than 
Space. half year. Half year. One year. 


per issue. per issue per issue. 
1 page $36.00 2.00 .00 
$ page 22.00 18.00 16.00 


Additional charges for Preferred Positions. 
Professional Cards, special rate of $25 per year. 


Vol. XXVI. April, 1907. No. 4. 


The Fiscal Year 


HE financial year of the Institute 
begins on May first, at which time 

the annual accounts are closed, and the 
balance sheet prepared for presentation 
to the Board of Directors and the mem- 
bership generally through the annual 
meeting on May 21, 1907. At this time 
the bills of the members are presented, 
and if promptly paid, much time and 
trouble will be saved in the accounting 
department. It is the universal prac- 
tice of voluntary organizations to re- 
quire payment in advance, and where 
this is the rule it should be complied 
with. Every member should appreciate 
the value of system, and it is noticeable 
that a large number pay all their cur- 
rent bills about the first of each month. 
There are others, however, who appear 
to file them away so successfully that 
they are lost sight of altogether, and 
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they may be paid upon receipt of a 
statement some months later. This is 
not a serious matter so far as the treas- 
ury is concerned, but eventually when 
desk-clearing becomes urgent the orig- 
inal bill is resurrected and a second 
payment is occasionally made. To 
avoid cancellation, this second check 1s 
placed to the member's account as an 
advance payment. There are now over 
five thousand accounts upon the Insti- 
tute's ledger, and it is therefore impor- 
tant that every one should do his 
part toward lightening this work as 
much as possible. Many students have 
been lax in meeting their payments, 
and have expressed their dissatisfaction 
because their names have been dropped 
from the list. It should be understood 
by all, that successful business manage- 
ment cannot be expected unless proper 
attention is given to the smallest finan- 
cial details. Those members who wish 
to avoid the annoyance of receipt and 
payment of annual bills may compound 
their dues by making a single payment 
of two hundred dollars. There is now 
no question about a life membership 
being a good investment, especially to 
Members who pay an annual subscrip- 
tion of fifteen dollars. The equity of 
the Institute in the Engineers' Building 
is about $500,000, and this investment 
in itself gives an assurance of perma- 
nency which has not previously existed. 


Engineering Experience 


ONE of the requirements of the Con- 

stitution is that a Member shall 
have had at least four years of electrical 
engineering experience. A proper inter- 
pretation of this clause is rendered diff- 
cult in many cases due to the vague 
manner in which an applicant's record 
is prepared. There may be for instance, 
no indication as to whether he actually 
did the work, or whether he was asso- 
ciated with some other person. It may 
appear that he simply ordered machin- 
ery of a specified capacity which was 
designed, manufactured and installed 
by the engineers of the company to 
which the contract was awarded. A 
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clearer view of the conditions may pos- 
sibly be obtained by considering the 
qualifications of an architect who has 
been retained to build an ordinary dwell- 
ing house. His client may supply him 
with certain necessary essential details 
as to cost, material, and location. He 
may also indicate the number of rooms, 
their general arrangement, his choice 
of heating and lighting systems. He mav 
be sutficiently skilled as a draftsman to 
prepare a satisfactory plan of the house. 
The architect would then embody all 
these suggestions in the working plans, 
and would prepare the necessary spect- 
fications, so that the builders could 
make their tenders for the structure. 
In a case of this kind, while certain gen- 
eral ideas might be supplied by the 
owner and the builder, there could be 
no question as to the functions of the 
architect. Even if all the details had 
been handed over to his office assistants, 
he was the responsible man, and his 
prior experience had been such that he 
could personally have done the work. 

There is an underlying principle upon 
which the requirements for transfer are 
based. It is the intention that it should 
be in the nature of a certificate that the 
applicant is fully qualified to practice 
as an electrical engineer in that par- 
ticular branch of the profession in 
which he is understood to be an expert. 
It should not be expected to give a 
man prestige which he is not actually 
entitled to by reason of his skill, 
training and practical experience which 
has rendered him competent to ‘ de- 
sign as well as erect electrical engineer- 
ing works." 


—— 


Parallel Sessions ; 

O^. of the important features of the 
Building, which was 

planned for future contingencies, is the 
provision for simultaneous meetings, 
or separate sessions of a single meeting. 
An opportunity to test an arrangement 
of this kind occurred on April 26. One 
session was devoted to electric lighting, 
and the other to telephone practice, 
which might naturally be expected to 
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make a distinct division in the audi- 
ences. This proved to be the case, and 
it points to the possibility of meeting a 
future demand for the presentation and 
discussion of a greater number of papers 
during a single season, and also taking 
up subjects which have in the past been 
crowded out by reason of the abnormal 
interest in a particular phase of elec- 
trical engincering. Through the pos- 
session of facilities which have not here- 
tofore existed, it appears to be possible 
to meet every emergency, and experi- 
ence has alreadv shown that telegraph 
and telephone engineering which may 
have been considered as branches of the 
art which have been neglected, will yet 
take rank in importance with high 
power development. The Institute, as 
well as most other similar organizations, 
has been hampered bv the lack of suit- 
able facilities for meeting the marvel- 
lous growth of the industry. With the 
beginning of another season it will be 
in a position to surpass its previous 
records, and make still further claims 
for the universal support of the pro- 
fession. | 


о regarding various invest- 

ment schemes continue to come to 
this oflice. Nothing of this kind has 
been or will be endorsed by the Insti- 
tute. The Institute lists are printed and 
are available for use in addressing cir- 
culars. Members should exercise their 
own discretion regarding these alleged 
opportunities to increase their wealth. 
They may or may not be worthv, but 
anv attempt to obtain capital in this 
manner is open to suspicion. 


HE ballots on the revised Constitu- 
tion of the Institute have been 
coming into the Secretary's office in 
large numbers during the latter part of 
April. As we go to press there have 
been over 2400 received and there is, 
therefore, every indication that the new 
Constitution will be adopted. The last 
day upon which valid ballots can be 
received is Mav 9. 
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Dedication of the Engineers’ Building, 
New York, April 16-17, 1907 


JvEspav, APRIL 16, 1907. AT 3.00 P.M. 


In the presence of a large and dis- 
tinguished audience composed of men 
eminent in the scientific world, in 
public hfe, in educational work, in 
trade and transportation, and in all 
branches of professional engineering 
work, the Engineers' Building was for- 
mally dedicated on Tuesday afternoon, 
April 16, 1907. An account of the 
dedicatory exercises follows: 


Music. Largo, Handel. The Richard 
Arnold double sextette. 

Opening by Charles Wallace Hunt, 
past-president, of the American So- 
ciety of Mechanical Engineers, presiding 
officer. 

CHARLES WaALLACE Hunt: On the 
eghth of May, 1906, Mrs. Andrew 
Carnegie laid the corner stone of this 
building. She has graciously presented 
to the United Engineering Society the 
setting maul that was used by her on 
that occasion. The historic event in 
which this implement took part, and 
Mrs. Carnegie's graceful act in placing 
it henceforth in our care, makes it an 
especially precious object to us. It 
will hereafter be used by the presiding 
officer of the meetings held in this audi- 
tonum. As a gavel, its voice will now 
" be heard for the first time in calling 
this dedicatory meeting to order. 


Prayer by Edward Everett Hale, 
D.D., chaplain of the United States 
Senate. 


Communication from the president 
of the United States. 


THe Waite House, WasuiNGTON, D. C. 
April 13, 1907. 

I heartily congratulate you on the 
opening of the building of the Engi- 
neering Societies. The building will be 
the largest engineering center of its 
kind in the world. It is indeed the first 
of its kind. and its erection in New 
York serves to mark and emphasize 
the supremacy which this country is 


steadily achieving through her pro- 
ficiency in applied science. The whole 
country is interested in the erection of 
such a building, and particularly of 
course all of those who follow either 
the profession of engineering or any 
kindred profession; and in no branch 
of work have Americans shown to 
greater advantage what we like to 
think of as the typically American 
characteristics. 

With all good wishes, believe me, 

Sincerely yours, 
THEODORE ROOSEVELT. 


Communications from the president 
of the Republic of Mexico and the 
governor- general of Canada. 


CHARLES МАШ АСЕ Немт: The 
dean of the engineering profession in 
America, Charles H. Haswell, now in 
his 97th year, hoped to be with us this 


afternoon. We have this letter from 
him: 
324 West 78th Street, New York. 


April 16, 1907. 

I regret my inability to be with you 

this afternoon. An attack of the grippe 

has held me at home for a month. 

Please submit this excuse to my much 
honored friend, Mr. Carnegie. 

Sincerely yours, 
CHARLES H. HASWELL. 


CHARLES WarLaAcE Нехт: There 
have been several prior attempts to 
bring the national engineering societies 
into closer fraternal relations, but each 
was without tangible result. In Decem- 
ber 1902, Charles F. Scott, then presi- 
dent of the American Institute of Elec- 
trical Engineers, in a public address hap- 
pily voiced the aspirations and the hopes 
of the progressive engineers who had so 
long worked in various wavs towards a 
common end. He pictured before his 
audience: 

“ A magnificent building, the Capitol 
of American Engineering. Into this 
home, situated in the metropolis of 
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the nation, are gathered the great 
engineering societies from their scat- 
tered lodgings.” 

In his vision, he there saw a great 
technical library, ample assembly halls. 
comfortable parlors, and also the head- 
quarters of a score of lesser societies 
restricted in their scope but affiliated 
in their work. 

Two months later, a dinner to cele- 
brate the founding of the library of the 
American Institute of Electrical Engi- 
neers was given in New York. Mr. 
Carnegie after having four times re- 
fused Mr. Martin's invitation, accepted 
the fifth and attended the dinner on 
February 9, 1903. At this meeting Mr. 
Scott voiced again the oft-expressed 
wish that the national engineering so- 
cieties could join hands to the end of 
creating a great technical library, co- 
operative societv work, and a suitable 
headquarters that would furnish ample 
accommodation for themselves and for 
many kindred societies. 

Mr. Carnegie was an interested listener 
to those addresses. His interest was 
not impulsive or ephemeral. The fol- 
lowing day he invited Mr. Scott and 
Mr. Rice to call at his home in Fifth 
Avenue. The events following this 
fruitful conference will now be pre- 
sented to you by Mr. Scott, who has 
been the tireless chairman of the joint 
Conference and Building Committee 
from its organization four years ago to 
the present time. This large committee 
with its nearly one hundred regular 
meetings, and the expenditure of one 
and a half million dollars in this move- 
ment, by ample discussion, came to a 
full agreement on every subject, im- 
portant or trivial, and for the entire 
four years adopted every resolution by 
a unanimous vote. 


Historical Address 
BY CHARLES P. SCOTT 
The realization of the ideals of 
many years and the definite beginning 
of the building which we to-day 
dedicate dates back four vears. On 
February 10, 1903, Mr. Carnegie talked 
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over the project with the two gentlemen 
whom he had invited to his house. 
As the general scheme seemed feasible, 
he said that he was ready to provide 
the funds for a building if a practicable 
plan could be presented. An hour 
later, a meeting of engineers had been 
arranged for the following day. The 
scheme was discussed; plans were 
formulated, and a few days later, 
John Fritz, William A. Redding, Cal- 
vin W. Rice, Chas. F. Scott, John Thom- 
son, and our lamented friend, John C. 
C. Kafer, discussed the matter treely 
with Mr. Carnegie. Tous, on St. Val- 
entine’s day, in the late afternoon, 
he said the magic word which trans- 
formed long-cherished dreams and new- 
found hopes into a reality. 

And here about us is the culmination 
—the work of committee and architects 
and builders. The building stands 
as its own record of what has been 
done. The result is simple and easily 
seen; yet it embodies the solution of 
many problems. At first it seemed 
that so much was achieved when the 
funds were provided that little re- 
mained to be done. But much has 
intervened between the making of 
the gift and completing of the building. 

In designing the building we had no 
precedent to follow, for never before 
had engineering found so generous a 
patron. Engineering societies them- 
selves belong to the new order of 
things. The oldest of the participating 
societies numbered little more than 
three decades. In the past these 
societies were well-nigh strangers to 
one another. Now, to utilize this 
gift, they must plan and work together. 
The gift, moreover, had a unique 
feature in being presented in common 
to professional societies, whose interests 
are technical, and to the Engineers' 
Club, which is social. 

At the beginning there were broad 
questions of general policy to be de- 
termined. There must be a basis of 
relationship between the professional 
societies, and then one between the 
societies and the social club. As the 
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outcome of this first step, three mem- 
bers from each of three societies and 
three from the club were appointed 
as a conference committee of twelve 
members. Through its two sub-com- 
mittees, the two buildings with con- 
venient intercommunication, have been 
erected on land acquired respectively bv 
the societies, acting through the United 
Engineering Society, and by the club. 


The building for the engineering 
societies required first of all to be 
planned in imagination. What were 


the immediate needs of' our three 
sxieties? How тапу associate so- 
@eties would join us, and what were 
their needs? What should be the size 
and number of assembly halls; the 
provision for oftices, for board rooms 
and reception rooms and library? 
Even though we gauged the present 
accuratelv, how should we estimate 
future needs? What of future growth? 
So rapid is the present growth that 
the aggregate membership of the three 
founder societies has increased fifty- 
three per cent. since the gift was made. 
New engineering societies are forming. 

It would be interesting to relate, 
ii time permitted, how our ideas 
developed, so that a million. dollars 
was too little, and Mr. Carnegie. gra- 
ciously made his letter read: '' Say, one 
and a half million;" how our ideas 
crystallized into a program to Бе 
followed by competing architects; how 
we selected from twenty-six sets of 
plans the one which all agreed was best; 
how we studied the details of ar- 
rangement and the selection of ma- 
terials to secure flexibility in the 
tunctions of the various parts of the 
building, and insure a wise expenditure 
of the funds entrusted to us; and how 
efficiently architects and builders have 
done their part. 

We recognized that an underlving 
purpose of Mr. Carnegie was to develop 
the human as well as the technical 
side of the engineering profession. He 
said to us that cooperation is ''the 
keynote of success " and that there is 
“a harmonizing feature which counts 
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for everything in the progress of any 
great movement, political, social or 
scientific." Hence he associated to- 
gether the club and the societies in 
order, as he expressed it, '' to combine 
the social with the scientific." . 

The same idea has guided the ar- 
rangements of the societies’ building. 
It is seen in the spacious entrance hall, 
in the corridors about the auditorium, 
in the reception rooms of the societies, 
in the arrangement of the smaller 
halls by which the one used as a 
lecture room may have an adjoining. 
one as reception room, and in tne 
provision for serving light refreshments 
which add zest to the social after- 
meeting. 

And, then, in a sense, the crowning 
feature of the whole project, as it 15 
of the building itself, is the library. 
In the magnificent spaces which are 
above us there lies a great pos- 
sibility. The libraries of the three 
societies are the nucleus, the foundation 
for a great engineering library, a de- 
pository for archives, a record of 
experience and achievement. a store- 
house of intellectual power of countless 
value and far-reaching influence. In 
the future it may be embellished and 
dignified by memorials of those who 
have contributed to the engineering 
progress of the world. Апа, in this 
library, the past othcers of the so- 
cieties have already placed a bronze 
bust of the donor as a perpetual recog- 
nition of the great gift of this building. 

And this building—simple, dignified, 
and appropriate to its intended uses— 
is to be the home of the engineering 
societies. 

These societies are the expression of 
engineering forces, and engineering 
forces are fundamental to the achieve- 
ments of our age. Underlying the 
tremendous economic changes ot the 
present times is the power-generating 
steam engine. Driving the locomotive, 
it has transformed innumerable pro- 
vincial towns into one great communit v, 
and many independent states into one 


nation. Driving the factory, it has 
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developed manufacturing and industry 
on a scale undreamed of a century ago, 
and scarcely comprehended now. Driv- 
ing the ocean vessel, it is rapidly 
making the whole world kin. 

Its influence transforms and vitalizes. 
The present production of wealth, the 
new functions of capital and labor, 
the modern business corporation, the 
occupations and social relations of men, 
the interdependence of nations, the 
growing brotherhood which portends 
a universal peace—all have followed the 
engine of Watt, all belong to the '' new 
epoch," the epoch of manufactured 
power. 

The whole fabric of our daily life is 
based upon the modern methods of 
utilizing the materials and forces of 
nature; it is reared upon foundations 
laid by the engineer; it daily depends 
upon the operations which he controls. 
It is he, it is the engineer who has been 
the harbinger of prosperity and of 
peace. 

Progress continues. See for example 
what electricity hasaccomplished within 
our easy recollection! Yet we scarcely 
realize it unless for even a single day 
we have no telephone, no electric light, 
no street car. The growth of the 
telephone in its first ten years is 
exceeded by the present growth of a 
single year; the output of all the electric 
central stations at the end of the first 
ten years 1s exceeded by that of a single 
station to-day. 

But I am merely repeating what we 
all know. І simply ask you to realize 
that the engineer has been foremost 
in bringing about our present civiliza- 
tion, and that to him new and larger 
problems are continually presented. 
Not only to the quantity and the 
difficulty of his work increase, but it 
even promises to be of a new quality. 
With the twentieth century there 
begins a “new knowledge” in science; 
from it there may soon follow a new 
engineering. 

These increasing responsibilities de- 
mand that the most ethcient methods 
be found. The characteristic of the 
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modern method of large accomplish- 
ment is coóperation, by which men act 
not as individuals but in concert. 
Years ago each engineer was apt to 
work by himself; technical knowledge 
and experience were kept secret. Stag- 
nation resulted. Through intercourse, 
of knowledge and interchange of ex- 
perience progress came, and in those 
branches where discussion has been 
most active, progress has been most 
rapid. The engineering society has 
become the clearing-house for knowledge 
and experience. And herein is the 
great purpose of this building. It is now 
the instrument of coóperation among 
engineers. It enables these societies 
to become more useful in the dis- 
semination of knowledge, in the training 
and developing of men, in the cultivat- 
ing of high ideals, and in making the 
engineering profession more efficient 
in its great task of making this world 
a better place to live in. 

The significance of this building is 
not in the past, nor in the present, but 
in the future; for the vitality which has 
prompted engineering development in 
the past is unabated now, and will 
continue with increasing force in the 
future. Witness this event, a gift of a 
million and a half for building, supple- 
mented by a million more, the largest 
investment for engineering in the 
history of the world. Witness, too, 
this audience of a thousand men, 
representative of science, engineering, 
education, literature, art, and govern- 
ment, gathered with sympathy and 
joy to bid Godspeed to the work we 
here inaugurate and acclaim this dav 
the beginning of a new era in engi- 
neering. 

Mr. Carnegie, it has been vour 
great privilege to make this possible. 
You provided money; it has been 
transformed into bricks and mortar. 
But your letter gives more than money, 
in it is an ideal, “ A union building for 
you all;" that, too, has transforming 
power; already the '' harmonizing fea- 
ture " is an active force, our societies 
are working togcther, they are getting 
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a broader view of their position and 
new inspiration. for the large work 
which lies before them. 

Аз we were leaving your house on the 
day you made the gift, Mr. Fritz 
lingered a moment. When he overtook 
me he told me that.he had said to you, 
" Mr. Carnegie, the day will come 
when this gift will be looked upon as 
one of the wisest and most useful you 
have ever made." And I am sure I 
voice the sentiment of this audience 
when I sav that John Fritz was right. 


CHARLES WALLACE Hunt: To Mr. 
Herbert D. Hale, architect, and Mr. 
H. G. Morse, associate architect, we 
are indebted for the architectural beauty 
of this stately edifice. To their ability 
in grasping the desires of the committee, 
and skill in working these desires into 
a harmonious building. without and 
within, the whole engineering profes- 
sion 1s their debtor. 

Under their skilful guidance this en- 
gineering home has been erected within 
the amount of funds first assigned for 
the purpose, and occupancy commenced 
a few weeks after the builder’s contract 
time had expired. It is a pleasure for 
the building committee to report delib- 
erately that in the design and in the 


erection of this building no differences . 


have arisen between the committee and 
its architects, and no compromises or 
makeshifts of any character have been 
permitted in the execution of the work. 
This gift to engineering. which we 
now dedicate. is not only, nor even 
principallv, the presentation to the 
founder societies of this material build- 
ing. Immeasurable benefits will also 
flow from the orienting of the minds 
and directing the energies of engineers 
into more effective cooperative work. 
Mr. Olcott, acting in behalf of the 
founder societies, I present to you the 
key of this building which is now placed 
under the administration of yourself 
and your successors. We confidently 
trust that under your fostering care the 
library will develop into one of world- 
wide influence, and be as an ever help- 
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ing hand, freely extended to any person 
who seeks help from the experience of 
those who have gone before. | 
We have an abiding faith that it is 
not engineers alone that is benefited, 
but that the world itself is a bet- 
ter abode for man because of Mr. Car- 
negie's great donation. We fondly hope 
that this home of engineering under your 
guardianship will ever be freely open to 
whatever will bring purer aspirations, 
nobler ideals, or more fruitful lives to 
the generations of men who will come 
after us. | 


Address by E. E. Olcott 


It seems to me, Mr. Hunt, as if 
this key with which you honor me, as 
president of the trustees of the United 
Engineering Society, were the key of 
the whole engineering situation. It is 
suspended by the red, the white, and 
the blue—a color for each of the three 
founder societies, the three together 
forming a perfect union fittingly repre- 
senting all the associate societies and 
Standing for the engineering profession. 
May these all, without any loss of in- 
dividuality, nevertheless form a grand 
enduring whole which shall typify the 
national federation of our states, and 
may our individual engineers shine as 
do the stars on the blue field of our 
country’s emblem. In this umon there 
is Strength. This key opens the great 
bronze doors of knowledge, of useful- 
ness, and of accomplishment, and the 
building thus opened and dedicated is 
one of the world’s greatest storehouses 
of the records of engineering achieve- 
ment. It shall be the trysting place of 
the guilds that plan the physical pro- 
gress of the world. The great library 
which crowns it is already one of the 
most complete technical libraries in ex- 
istence, especially along mechanical. 
mining, and electrical lines. When we 
can secure an adequate endowment, it 
will become even more important. It 
is happily situated within a stone's 
throw of the new public hbrary, which 
it is bound to supplement on engineer- 
ing subjects. It is open for the benefit 
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of mankind. This key stands, then, for 
freedom, coóperation, and the open door. 
With it we can unlock some of nature's 
hidden secrets. 

The currents of electricity have played 
around the world for all time, but only 
recently has the engineer -harnessed 
them in the service of man. The iron 
ores have been in the everlasting hills 
since the creation, but only recently has 
the engineer been able to fashion the 
steel into the mammoth structures, the 
. bridges, the railways, and the tunnels. 

The engineer should be the altruist, 
content to seek not so much his own as 
the world's achievement. We cherish, 
then, the gift of the benefactor, a man 
whose very fortune is an exponent of 
“ united engineering," and whose gift to 
us most truly embodies the man's own 
life, and perfectly supplements in this 
metropolis, his great Institute dedicated 
last week at Pittsburg. Neither he, 
nor we, can live to see the good that 
this building will do, emphasizing as 
it does the strength there is in unity, 
that, through coóperation and the pub- 
lication of the results of scientific re- 
search, we are helping to advance the 
progress of the world. 

In all Latin countries, the key has 
the most sentimental significance, typi- 
fying the love of the man for the 
woman of his heart. What engineer 
worthy of the name has not as much 
glamor of love for his profession as for 
his sweetheart? And so, Mr. Hunt, 
in the name of united engineering. with 
this key as a token, “ we plight thee 
our troth,” and pledge, that by so much 
as in us lies we will carry out the ideals 
of the munificent donor and of all who 
have contributed for the land on which 
this noble pile has been erected. 


CHARLES WaLLace Hunt: At an 
early conference with Mr. Carnegie, the 
business in hand being disposed of, the 
members of the committee, as they were 
preparing to leave, Were conversing with 
him on various subjects foreign to the 
occasion of their visit. Mr. Carnegie 
mentioned his lively interest in the pro- 
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ject of erecting a modest memorial to 
James Watt. In closing he remarked: 
“ I do not believe in expending large 
sums on monuments," then turning a 
little aside from his guests, he threw 
his left arm caressingly around an im- 
aginary object, and pointing to it said 
in a low soliloquizing tone, “ What I 
do believe in. is something with a living 
soul in it.” | 

This chance remark deeply impressed 
his auditors. Something with a living 
soul in it, seemed to them more than a 
building, more than rooms without a 
rental. In imagination they saw a grand 
engineering building, and dwelling with- 
in it an ever-living soul of helpfulness 
to us and to our successors. In their 
vision, they saw this living soul devel- 
oped into a potent world-force con- 
stantly working as the centuries pass, 
for the elevating of everything in our 
civilization that depends on the life 
and the work of the engineer. 

To make this fleeting thought a real- 
itv, and develop the idea into an ever- 
living soul, the committee would have 
to undertake a task far greater than 
the erection of a building. It would be 
the erection of a building, plus the em- 
bodiment of this vision. Instead of a 
gratuity to a few societies, it would 


. become a gift by Mr. Carnegie to en- 


gineering in its broadest sense. Unan- 
imously, the committee adopted this 
broad view and diligently bent its en- 
ergies to work out this double task, as 
the way opened. The committee has 
terminated its labors and now presents 
this building as a worthy home for that 
living soul whose contemplation ani- 
mated the mind of its donor and in- 
spired the recipients of this great gift. 
I present Mr. Andrew Carnegie, donor 
of the building. 


Address by Mr. Carnegie 


The Scotch have a saying, and thev 
have many wise sayings, that fools 
and bairns should never see a thing 
half done. I don't wish to associate 
myself either. with fools or bairns, but 
I think I may add that donors should 
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never see a thing half done. I went to 
Pittsburg the other day knowing 


nothing of what I should find; I had 
sedulously kept away from the tairy 
palace that they were erecting; I 
knew nothing nothing of it, but when 
I got there I found a palace that 
Aladdin might have brought forth and 
so beautiful that I felt that I was in a 
dream. І come here to-day under 
somewhat similar circumstances, and 
am brought into this beautiful hall 
exquisite in every part, and face to 
face with this splendid audience. Well, 
it gives point to what Mrs. Carnegie 
said when I was expressing to her 
that I was totally unable to realize 
what part I had taken in creating a 
palace; I said to her I felt like Aladdin 
rubbing the lamp. and she said, '' Yes, 
and we didn't even have to rub the 
lamp." But as the proceedings went 
on at Pittsburg and I had the great 
pleasure of addressing those there 
present and showing the audience who 
had created the palace, this thought 
occurred to me: it is the spirit with 
which men are enthused that does the 
work; the sense of coóperation and the 
realization that really the performance 
of great and benevolent work raises 
the men that participate in it far 
bevond any personal work for them- 
selves. 

The safety of human society lies 
just here. Whenever men coalesce 
to do some good a unification takes 
place and a consolidation; and when- 
ever men meet to conspire against the 
public good to do some evil, they find 
themselves unable to trust each other. 
Segregation takes place and they fail. 
That is the reason why you needn't 
lie awake nights and worry about the 
future and about what problem so- 
ciety is going to meet. As sure as the 
sunflower turns towards the sun and 
receives its light and heat, just as 
surely human beings march onward 
and upward with their faces to the sky 
to do better things. 

Much that I was taught in my 
vouth has passed away: much that I 
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once thought of I have had to discard: 
but here is the rock upon which I 
rest and meditate and find happiness. 
Nor can you deny this, that quite 
apart from whatever evil exists, there 
is that principle of improvement in- 
herent in us. To-day is better than 
yesterday and to-morrow will be better 
than to-day. So I look forward to the 
future of this building, and I know 
that the organizations to whom it is 
devoted will advance and continue to 
meet the developing needs of the age, 
as the years rollby. That iscomforting, 
that is encouraging, and that is a 
reflection to which I shall always return 
and upon-which and in which I shall 
alwavs find rest. 

I congratulate you upon your archi- 
tects. This architectural selection was 
just in accordance with my ideas. 
I have never given a building in mv 
life that I could control except by 
competition; I don't want names of 
architects, I don't want everything 
that an architect may present, for 
human Homer nods and the dead past 
nods even; I want to see what a man 
brings and I don't want to see what 
his name is or to know his name. 
There were twenty-six plans sub- 
mitted, as you have been told, and 
there was a committee to pass upon 
them, and then there was a very wise 
and good man as a sort of censor over 
the plans, Professor Ware, and he 
chose two plans—one for the Engi- 
neers' Club building, and the other for 
this building as being the best, and, bv 
the way, the committee had previouslv 
agreed upon those two plans. Well, 
who were the architects—some well- 
known, great firm? No. They were 
two young men that had never been 
heard of in New York, I think. There 
is the proud father of one of them 
(here Mr. Carnegie turned to Dr. 
Edward Everett Hale and bowed) and 
there is a lady sitting up there (pointing 
to Mrs. Carnegie, who sat in the 
balcony) who is also proud, for the 
other successful architect is Mrs. Carne- 
gie's brother. 
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Not one member of the committee 
knew whose plans were selected. Well, 
gentlemen, that is triumphant democ- 
racy. No pedigrees, no social influence, 
count for much in the architectural pro- 
fession. Nothing but real merit. And 
the engineers who acted were true to the 
principles of their profession. The engi- 
neer works from morning until night un- 
varyingly for what istrue. Twoand two 
make four, and one five all the time. 
That gives the engineer his character. 
No fraud, no deviation, no evasion; but 
march, march, march, true to the line 
all the time. 

I wish to speak of one remark that the 
President makes about Americancharac- 
teristics, and vou also, Mr. Hunt, have 
spoken of my reference at the founda- 
tion stone ceremony to the spirit of union 
andcoóperation. One of the great ad- 
vantages which the American has over 
the man of any other country liesin his 
ability to cooperate and his disposition 
for coöperation. Our political institu- 
tions which make every man the equal 
ofany other man, every man's privilege 
any other man's right, lies at the founda- 
tion of that characteristic. Americans 
all meet upon a plane of equalitv; one 
man is just as good as another man, and 
therein he meets others in a sense of 
brotherhood, and the committees that 
you hear about acting by a '' unanimous 
vote" is the outcome of that. I 
venture to say there never was a case 
like that with the Britons or the Scotch, 
especially with the Scotchman. 

" Where are vou going, Sandv?" 
said one Scotchman to another. 

" Doon to the club," said Sandv. 

‘An’ wha’ foor?” 

" Just to controdeect a wee 

That is the way it is over there. 
Now, the American with his political 
institutions, with the blending that 
he has in him of all nations, is a man 
who partakes of the best quality of 
each of the other nations. It is from 
this fact that vou reach coóperation, 
and I speak with great experience, 
knowing manufacturers and engineering 
Societies on the other side, everv one 
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of them standing apart and unable 
to get together, and here the Americans 
calmly sit down and discuss and 
coóperate and evolve. If there be 
anv guests here from the other side— 
yes, I see there is one (pointing to Sir 
Wiliam Н. Preece)—I think he will 
carrv home with him from what he 
heard in Pittsburg—for there was a 
similar story there, too—this im- 
pression, and that he will sav, “ Well, 
these Americans begin even in business 
to fecl more of the spint of equality and 
brotherhood than we do.” 

We only hate those we do not know, 
is quite true. That is my experience. 
The older I get—no, I mean the 
vounger—and the more experience 
I have with men—and with women — 
the more I am convinced of the truth 
of the fact that you onlv have to know 
the virtues of your fellow men to find 
that they are all brothers. That is 
the reason that I am a great advocate 
of the peace of the world. It isn't 
enough for individuals to feel the 
spirit of brotherhood as all Americans 
do, but we must enlarge it and realize 
the great truth, that all men of all 
nations are reallv our brothers. 

I have no more to say to you than 
again to express my surprise that the 
little conversation that Uncle Fritz 
and these gentlemen and myself had 
has resulted in such a magnificent 
building as this, and more than that 
in proving to the world that the 
engineering societies of America аге 
one band of brothers with headquarters 
here to which every one of them is 
loval. I thank vou very much. 


Music. Traumerei, Schuman. Cello 


solo, Kronold. 


CHARLES WALLACE Hunt: Thistwen- 
tieth century promises to exceed all 
preceding ones in the rapid, almost 
tumultuous, advance in the arts and 
sciences. Engineers are largely en- 
grossed in the investigation of specific 
problems and in the constructive work 
of this great movement. There are, 
however, gifted persons in this centurv's 
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work who have raised themselves to an 
elevated position, on a mountain top as 
it were, from which they can clearly 
survey this great field of action. With 
quickened perceptions and trained in- 
tellects, they can bring to us tidings of 
surpassing interest as to whitherward 
we are traveling. 

We count ourselves especially fortu- 
nate in having the privilege of hearing, 
as orator of the day, one whose exalted 
position. gives him a clear view of the 
whole field of human endeavor. Your 
chairman presents Arthur T. Hadley, 
President of Yale Universit v. 


The Professional Ideals of 
the Twentieth Century 


By ARTHUR TWINING HADLEY 


A building like this is the best monu- 
ment of what the twentieth century 
has accomplished. The really im- 
portant part of the history of a nation 
is the development of its ideals and 
standards. The specific things that it 
dees are important not so much for 
their own sake, but for the sake of the 
ev:dence thev give as to the trend 
of a nation's thought. It is not the 
magnitude of the individual battles 
which makes a war worth reading 
about. It is the ideas under which the 
war is conducted and the constitutional 
prneiples for which it is fought. It 
15 not the census figures which decide 
whether a nation is great or small. 
It 1s the industrial methods and educa- 
tional ideas which these census figures 
indicate. Апа in like manner it 1s not 
the buildings and machines and rail- 
roads and mines which constitute the 
mportant part of the history of the 
engineering profession. A book might 
give a good description of a thousand 
of these great engineering works, and 
yet fail of being in any sense a true 
history of engineering progress. The 
thought of the successive builders 
and the influence of that thought upon 
the conduct and ideals of other men 
are the things that we really care about. 
The story of the concrete achievements 
that have dazzled the eye of the 
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world is but the unimportant and 
superficial part of the historv. The real 
thing for which we care, the thing 
that helps us to understand the past 
and inspires us with hope for the future, 
is the story of the men who did the 
things—their struggles and their dis- 
coveries, their trials and their successes. 

The men who did more than any- 
thing else to make the nineteenth 
century different from the other cen- 
turies that went before it were its 
engineers. Down to the close of the 
eighteenth century the thinking of 
the country was dominated bv its 
theologians, its jurists, and its phvw- 
sicians. These were by tradition the 
learned professions; the callings in 
which profound thought was necded; 
the occupations where successful men 
were venerated for their brains. It 
was reserved for the nineteenth cen- 
tury to recognize the dominance of 
abstract thought in a new field—the 
field of constructive effort—and to 
revere the trained scientific expert 
for what he had done in these lines. 
Engineering which a hundred years ago 
was but a subordinate branch of the 
military art, has become in the years 
which have since elapsed, a. dominant 
factor in the intelligent practice of 
every art where power is to be applied 
with economy and intelligence. 

A building like this is therefore the 
symbol of all that 1s most distinctive 
in the thought of the centurv that 
has gone by. A hundred years ayo we 
might have had a building in honor 
of theologians or of lawyers or of 
physicians; but one that symbolized 
the achievements of the engineer was 
beyond man's dreams, because the 
world at large had neiher felt the 
need of his work, nor dreamed how 
soon it would be seeking his leadership. 

I have spoken of this building as a 
monument; but that is after all not the 
proper word. А monument implies 
that a man is dead, or at any rate that he 
has so nearly reached the limit of his 
growth that he might just as well be 
dead. Looked at in this wav, the 
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engineering profession wants no monu- 
ment. It has not yet reached the limit 
of its growth. It has not come to the 
time when a complacent survey of 
the past will take the place of toilsome 
planning for the future. Not a head- 
stone do we want, but a milestone— 
a point at which our measurement 
of what has been already done, serves 
as an inspiration for the journey yet 
to be traversed. We may take this 
opportunity for a Ъпе review of 
what has been done in engineering and 
other allied professions; but the engi- 
neer who is worthy of his calling will 
value that review most highly, if it is 
made a means of calling his attention 
to that which yet remains to be done. 

A hundred years ago there was a 
sharp separation between scientific 
theory and commercial practice. There 
was not a great deal of science any- 
way, outside of mathematics and 
astronomy; and what there was was 
underrated by men of affairs. In those 
days when a man said he was practical 
it meant that he was not theoretical; 
that he didn't know science, and didn't 
want to know jt, and didn't want to 
have any man around that did know it. 
The men of that day trusted to two 
guides; inherited prejudice, and in- 
dividual experience. The more enlight- 
ened among them used experience to 
correct prejudice; the rank and file of 
them used experience to reinforce 
prejudice; and that was about all the 
difference. The value of generalizations, 
except in religion and in statecraft, 
and in some few branches of medicine, 
was not recognized by anybody. 

The great element of progress in 
the nineteenth century has been the 
recognition on the part of mankind in 
general, of the value of scientific 
generalizations in every department of 
human conduct. Our science has 
become sounder, our understanding of 
its applications clearer, and the public 
has recognized that scientific conduct 
of a business means the substitution of 
universal experience, learned with dith- 
culty and applied with toil, for the 
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narrower range of individual experi- 
ence which was at the disposalof the so- 
called practical men of fifty or a 
hundred years ago. Of this change 
the engineer is the representative and 
the leader. He it is that makes physical 
science in its various lines applicable 
to the complex problems of construction 
and development. Heitiswhohas paved 
the way for the recognition of the 
technologist and the expert in every 
line of human industry. He it is who 
has shown how mathematics, instead 
of being an abstract discipline, remote 
from every day human affairs may be- 
come the means of applying truths for 
a long time remote and undiscovered, 
to the every day affairs of the world in 
which we live. Not the buildings that 
vou have built, gentlemen; not the 
railroads that you have planned; not 
the machines that you have invented, 
represent vour greatest achievement. 
Yours is the proud boast of having in 
one brief century established science as 
the arbiter of the material affairs of 
mank nd, and of having enforced her 
worship upon a world once reluctant, 
but now gloriously admiring. 

Well, then, you will ask: is there 
anvthing which remains to be done 
comparable in importance to this? 
Yes, there is. An equally large part 
—perhaps in one sense a much larger 
part— of your professional duty yet 
remains to be accomplished. It is not 
enough to have technical training. It 
is not enough to know the special 
Sciences on which the practice of a 
profession is based. A man ought to 
have clear conceptions of the public 
service which his profession is based. 
A man ought to have clear conceptions 
of the public service which his pro- 
fession can render, and the public 
duty which its members owe. Thus, 
and thus only, can the engineer, the 
lawyer, the physician, or a member 
of any other learned profession, rise 
to the full dignity of his calling. 

For there are two quite distinct 
qualities which must be combined in 
order to secure the best professional ser- 
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vices; two quite distinct tests which work 
must meet in order to be pronounced 
first class. One of these is the technieal 
standard; the other, for want of better 
word, may be called the ethical stan- 
dard. The man who wishes to build 
a good railroad must not only lay 
it out according to the rules of the 
surveyor's art, with proper curves 
and grades, and bridges which will not 
fall, but he must also have intelligent 
regard to the needs of the population. 
the safety of travel, and the many 
other factors which determine whether 
a railroad shall be a work of public 
use or a source.of industrial bickering 
and financial disaster. "This combina- 
tion of public and private demands is 
not peculiar to engineering. It can be 
illustrated in every other profession of 


importance. It is not enough for the 
lawver to give advice which shall be 
technically sound, and which shall 


enable his clients to keep out of jail. 
He must learn to take a large view 
of the law as a means of public service 
instead of private gain. It is not enough 
for the physician to know how to cure 
specific diseases. He must know how 
to care for the larger problems of 
public health, and to use the resources 
of the community in a way to meet as 
fully as possible its sanitary needs. 
This larger view of professional 
obligations is not so fully recognized 
as it should be. We have in the nine- 
teenth century made so much progress 
in the technical training of doctors and 
lawyers and engineers that we some- 
times forget that there is need of any- 
thing more than technical training. 
We have let the old idea of public 
leadership, which was prominent in 
the minds of the great professional 
men of past centuries, give place to 
another and narrower ideal which is 
fuly satisfied when a man has made 
himself a technical expert. Many a 
man of real eminence in his calling 
deliberately rejects the wider concep- 
tion of professional duty which I have 
here indicated. Perhaps he recognizes 
the claims of public service; perhaps 
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he does not, but in anv event he 
believes that these claims rest upon 
him as a man rather than as an engi- 
neer ог a lawyer. In his professional 
capacity he says he is hired not to 
tell what the law ought to be, but 
what it is; not to advise how a-railroad 
can do the most public service, but 
how certain men with certain ideas 
of their own can best use the differen- 
tial calculus to get these ideas carried 
out. This is perhaps the prevalent 
view of professional ethics to-day. 
I believe that it is a wrong view, 
which must menace not only the 
influence and standing of the pro- 
fessions themselves, but the general 
interests of the republic. 

In the first place, a man who be- 
lieves that he is hired to carry out 
another man's ideas can never claim 
a position of actual leadership. He 
remains a paid servant—highlv paid, 
doubtless, because he is possessed of a 
kind of skill which is very unusual, 
but nevertheless a servant, bound to 
carry out the wishes of his master. 
А group of professional men which 
regards this as a proper view thereby 
forfeits the claim to stand in the 
first rank socially and politically, and 
voluntarily accepts a position of the 
second rank. I do not believe that the 
engineers of America want to do this. 
It has been said that engineering is 
the handmaiden of commerce; but I 
do not believe that the men who have 
planned and dedicated this building 
will be satisfied with any handmaidenly 
conceptions of what their successors 
ought to be. If for a moment, in our 
zeal for new technical developments, 
we have let our responsibilities as 
public servants fall out of our hands, 
I feel sure that we shall be ready to 
take them up again as soon as our eyes 
are opened to the real situation. 

For mere technical achievement is 
not the thing that endures. Among 
the peoples of the ancient world, I 
suppose that there were no engineers 
equal to those of Egypt Considering 
the means at their command, the 


14 PROCEEDINGS OF A. І. E. E. 


things that they did were absolutely 
extraordinary. They did some things 
which, even with the means at our 
command, we can hardly duplicate. 
But they used their abilities in the 
service of a dominant priestly caste; 
and therefore, while their work fills 
us with admiration, it does not appeal 
to us as does the work of the Roman 
engineers a few centuries later, who 
built roads and aqueducts and bridges, 
and thus took the lead side by side 
with the Roman lawyers in establishing 
the basis of modern civilization. The 
roads and bridges of Rome, simple 
and straightforward as they are, con- 
stitute a more enduring monument to 
the Roman engineers than all the 
obelisks and pyramids that were ever 
erected. 

For their own sake, then, and for 
the sake of the enduring quality of 
their work, we can appeal to the 
engineers and lawyers and phvsicians 
to see that it is adapted to public ends. 
We can reinforce this appeal by a vet 
stronger one on behalf of the American 
commonwealth as a whole. For the 
development of technical ideals and 
standards in our various professions 
during the last few centuries, to the 
neglect of exclusion of ethical ones, 
is constituting a very serious public 
danger. 

A commonwealth like that of the 
United States is necessarily governed 
by public opinion. Courts may formu- 
late this opinion. Legislatures may 
pass rules to give effect to it. Police 
may enforce its demands against the 
recalcitrant. But the governing power 
rests in the intelligent public opinion 
itself. When that opinion ceases to be 
intelligent and powerful, freedom Бе- 
comes a mere name. Now, a serviceable 
public opinion of this kind can only be 
formed when intelligent people, tech- 
nically trained for different lines of 
life, seriously try to find out how their 
work can be made to meet the public 
needs. They are the only ones who can 
do this well. If it is done by anybody 
else it will be done badly. If the 
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lawyers as a class try to keep the law 
in line with the demands of intelligent 
public opinion, we can get good law. 
But if lawyers are content to see the 
law perverted to private ends, and 
judges take refuge in technical construc- 
tion of precedents, without full regard 
to the needs of the existing situation, 
legislatures will step in to create a 
chaos of conflicting laws which are 
worse than no law at all. In like manner. 
if our engineers get their own minds 
clear, and get the public mind clear, 
as to the political economy of the 
properties entrusted to their charge 
and the ethics of their management, 
they can forestall these conflicts which 
now threaten to break out at every 
moment. But if the members of a 
profession whose advice is necessary 
is order to a clear understanding and 
wise settlement of these problems retire 
from the field of action, the matter will 
be settled by those whose interests 
are more selfish and less farsighted. 
There are three professions to-day 
which do not regard themselves as 
servants, but as masters—the financier, 
the journalist and the politician. If 
the engineer and the lawyer accept 
positions as servants, simply putting 
their technical knowledge at the dis- 
posal of merchant, journalist, or poli- 
tician who will pay the highest price 
for it, it is not simply a confession of 
infenoritv, it 1s a dereliction ien 
dut v. ` 

Do you say that it is impos: 
single man or a group of men t 
these evils? Look at the 
Albert Fink, who in 1874, 
was an engineer on the Lou 
Nashville Railroad, made a 
the cost of transportation 
been at the basis of all the 
management of the traffic d 
of railroads from that time 

Of course, Albert Fink v 
man. He could do things 
of the rest of us cannot. B 
beheve, that if our profe 
awake to the necessity of broad ideals 
like those of Fink the greatest dangers 
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which threaten the American com- 
monwealth would be fairly met, and 
the men who met them would be given 
the position of power and trust which 
they had proved themselves worthy 
to hold. Nobody 15 satisfied. to-day 
with the struggle between individuali- 
ties and socialism, between financier 
and politician, between Wall street 
and Washington. The men who are 
engaged in this conflict are for the 
most part heartily sick of it. Let a man 
or group of men arise who add to 
their technical knowledge, a readiness 
to use that knowledge in the public 
service, and people will be ready to put 
them in charge of affairs and follow 
where they lead. We have outgrown 
the day when a little common sense 
was sufficient for managing the affairs 
of the nation. They are become too 
complex; and this complexity gives the 
engineer, if he will add to his training 
in mathematics a training in ethics 
and political economy and the funda- 
mental principles of the law, an op- 
portunity such as never before existed 
to claim and receive the position which 
nehtfully belongs to him. 

There arises now and then among 
our engineers a man with this quality 
of looking into the future—call it 
genius, call it insight, call it imagina- 
tion. One of your own members said 
in a memorable speech that the thing 
wh:ch distinguishes a man of the first 
rank in his profession from a man of the 
second rank is the possession of this 
quality of imagination. Unfortunately 
it is rare. We cannot all of us have it. 
But we can have more of it than we 
now have, if we will modify our training 
and widen our standards of professional 
success. Excellent as is the course in 
our technical schools, it does tend to 
have a narrowing effect instead of a 
broadening one. The ideals of our 
engineering societies are high, but 
they are not always as broad as they 
might be. The widening of the course 
in the schools and greater readiness in 
our associations to recognize services 
which we now call non-professional, 
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will, I am convinced, do more for the 
engineers and more for the community 
than would be represented bv ten 
years' progress in mining or machinery 
and the various developments of ap- 
plied science. 

We celebrate to-day, and we are 
justified in celebrating, the recognition 
of science as a necessary guide in the 
conduct of the material affairs of each 
man's business. Half a century hence, 
when our descendants shall meet in 
this building or some yet greater 
building, I am confident that they 
wil celebrate a vet greater thing— 
the recognition of the right of men of 
science to take the lead in enlightening 
the thought of the people on public 
affairs, and the responsibilty of filling 
the highest positions in the service of 
the commonwealth. 


[Music. Hallelujah Chorus. Handel.) 


FoRMAL DEDICATION OF THE BUILDING 


CHARLES WALLACE Hunt: The ded- 
icatory ceremonies appointed for the 
day having been completed, I declare 
that this building 1s duly dedicated to 
the advancement of the engineering 
arts and sciences in all their branches 


EVENING RECEPTION 


9.00 p.m.—10.30 p.m. General 
reception in the main auditorium. 

10.00 p.m. Reception by the officers 
and councils of the founder societies 
in their respective headquarters. The 
American Institute of Mining Engi- 
neers, ninth floor. The American 
Institute of Electrical Engineers, 
tenth floor; The American Society of 
Mechanical Engineers, eleventh floor. 

Refreshments were served during the 
evening on the fifth floor. 

Music in main auditorium, and on 
fifth, and library floors. 


WEDNESDAY, APRIL 17, 1907, AT 3 Р.М. 


Јонм W. Lies, Jr.: In opening the 
dedicatory exercises on Wednesday, April 
17, 1907, at 3 p.m., John W. Lieb, Jr., 
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chairman of the dedication commit- 
tee, said in part: 

In the dedicatory exercises of ves- 
terday we gave expression to the 
deep gratitude of the engineering pro- 
fession to Andrew Carnegie for his 
splendid gift; and our honored guests, 
distinguished visitors, and fellow so- 
ciety members, have enjoyed the oppor- 
tunity of inspecting the building and 
its equipment and of observing how 
completely the architect and the build- 
ing committee, in harmonious coópera- 
tion, have succeeded in the difficult 
task of meeting the unusual require- 
ments and for which there existed no 


precedent. 
The simple language in which the 
gift was conveyed: "It will give me 


great pleasure to devote, say, one and 
a-half million dollars to erect a Union 
Building for you all, in New York City”, 
and which will be preserved on the 
bronze memorial tablet opposite the 
entrance, was quite unique in the 


history of similar great benefactions.. 


And while it reflects the broad and 
liberal spirit of the donor, it also placed 
upon the recipients the full responsibility 
of building wisely and administering 
efficiently. 

We meet to-day under the auspices 
of the founder societies; the American 
Institute of Electrical Engineers, the 
American Society of Mechanical Engi- 
neers, and the American Institute of 
Mining Engineers, to receive felicitations 
from our friends abroad and at home, 
and forthe interchange of congratu- 
lations among the members of the 
founder societies and associate societies 
on the successful completion of this 
building. 

And as we meet to-day on founders’ 
day, it may not be inappropriate, having 
given Mr. Carnegie full meed for his 
munificence and liberality, also to say a 
word astothe membersand friends of the 
founder societies. The founder societies, 
in order to reach the condition which has 
enabled them to take upon themselves 
the responsibility of erecting this great 
building, have borne the additional 
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responsibility of providing the land on 
which the building now stands. Liberal 
gifts from the members and friends of 
these societies have made this possible. 
The several societies have been the 
recipients of magnificent gifts, in many 
cases of complete and valuable li- 
braries. These libraries form to-day a 
collection of engineering literature which 
wil undoubtedly ultimately result in 
the greatest engineering and scientific 
library in the world. 

A word should also be said of the 
work done by the members of the con- 
ference and building committees. To 
name all of the members, and to 
award to each the degree of praise to 
which he is entitled, would be a difficult 
task; suffice it to say that every member 
of these committees has coóperated 
cheerfullv towards framing the agree- 
ments which were necessary in order 
properly to administer the financial 
affairs of this building and the land on 
which it stands. Perfect harmony has 
ruled in all our numerous conferences. 

On behalf of the founder societies, I 
beg leave to extend to the distinguished 
representatives of sister societies and 
of the institutions of learning who honor 
the occasion with their presence our 
most hearty thanks for the interest 
they show by taking part in our dedi- 
catory exercises, and we bid them thrice 
welcome. 

It is with particular pleasure that we 
extend our warmest greetings to the 
eminent representatives of sister so- 
cieties from abroad; to them we extend 
the hand of professional fellowship, 
and we ask them to share with us in the 
joys of these festivities. 

Engineers have ever been leaders in 
promoting international friendships, and 
by their international congresses and 
the interchange of visits between for- 
eign societies they have established 
the most enduring cordiality of relations 
between large bodies of influential men, 
Separated it is true by national bound- 
aries, but having common professional 
ideals and the same spirit of enlightened 
progress. We may, in fact, at this 
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time rightly consider ourselves a kind 
of auxiliary to the great International 
Peace Congress which is now meeting 
in this city. The engineering societies 
are now enjoying, through the gener- 
osity of Mr. Carnegieand the coöperation 
of the freinds and members of the 
societies, the realization of the fond 
hopes which they have cherished for 
vears. With the opening of this build- 
ing there opens also a new era for the 
engineering profession in this country. 

The magnificent facilities which the 
societies have now at their disposal 
should go far toward making coopera- 
tion among the various branches of 
the engineering profession more effec- 
tive, securing to the engineer that high 
standing in the community to which 
his accomplishments, both literal and 
constructive, justly entitle him. 

We also welcome the representatives 
of the associate societies who with us 
enjoy these opportunities, who cooperate 
with us in the industrial applications 
of engineering science, and also share 
our triumphs. 

We hope that to our guests and 
friends, as well as to the meinbership 
of our engineering societies, these 
spacious halls and pleasant meeting 
rooms will be a new source of inspira- 
tion, awakening a greater pride in the 
profession we have chosen, and dedicat- 
ing ourselves anew to the pursuit of 
the highest rrofessiona! ideals, to the 
increase of human knowledge, and to 
the advancement of civilization. 


Address by Samuel 
Sheldon 


PRESIDENT OF THE AMERICAN INSTI- 
TUTE OF ELECTRICAL ENGINEERS. 


Even a casual visitor to the edifice 
whose dedication is the occasion of the 
present festivities, must be impressed 
by its simplicity, its beauty, and its 
substantiality. The personnel of the 
executive departments of the as- 
suciated Societies that have here dom- 
iciled themselves recognize its fitness 
and its spaciousness. All these qualities 
will endure except the last. The future 
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will doubtless bring a congestion of 
occupancy which seems to be an 
inevitable metropolitan characteristic. 

The Founder Societies at the present 
time have a total membership of nearly 
12,000. Of these members more than 
15% live in New York City or in its 
vicinity, and to them the building is 
accessible. Eight Associate Societies 
who are also at home here have a 
membership of approximately 4,000, 
about 40% of whom dwell in this 
vicinity. An inspection of the curves 
of growth of membership in the three 
Founder Societies shows that the present 
enrolment will be doubled in 1920, 
if past policies of management be 
maintained. Even times of financial 
depression do not lessen the member- 
ship but lessen its rate of growth. 
But the short period of joint occupancy 
just elapsed, has evidenced a stimula- 
tion to increased activity which if 
maintained will make membership more 
desirable, and a greater increment may 
be expected. 

During the last few years there has 
been a rapid growth in civilization: 
commerce, traffic, manufactures, organ- 
ization, fortunes, knowledge, and in- 
dividual efficiencies have increased. 
Excessive and extraordinary growth 
has resulted from the efforts of Elec- 
trical Engineers. Doubtless this is due 
to the youthfulness of the profession, 
whose oldest workers are not thinking 
of retirement but on the contrary are 
enthusiastically and energetically pro- 
ductive. 

Rapid growth and the character of 
his work necessitates that the Engineer 
shall continually deal with the proba- 
bilities of the future. The remarkable 
economies resulting from an extensive 
engineering study based upon more 
or less uncertain future conditions 
of the problem of supplying telephone 
Service in New York City twenty 
years hence, were called to the attention 
of the members of the American In- 
stitue of Electrical Engineers in a recent 
paper. We are all familiar with the 
frantic struggles of engineers in charge 
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of public utility central stations in 
their efforts to have modern apparatus 
manufactured, purchased, апа  in- 
stalled quick enough to carry the ever- 
increasing load, but not so quick as 
long to stand idle and bring down the 
wrath of the financier. Reprehensible 
neglect to consider future conditions 
has resulted in an intolerable congestion 
of traffic in certain parts of this city. 
One cannot but admire the circum- 
spection of the engineer who designed 
the bridges of the Western Railroad in 
Massachusetts, so as to carry two tracks, 
although the practicability of the 
steam locomotive had not as yet been 
demonstrated and a double-track road 
had not been seriously contemplated. 
One cannot but regret that the engineer, 
who let his rule slip when he established 
the standard track gauge at 4 ft. 8- 
4 in. had not the circumspection to let 
it slip in the other direction, that 
thereby might have been a present 
amelioration of the troubles of the 
Great. But all must congratulate 
those who engineered the construction 
of this building that they, like the 
Prophets of Biblical times, like all 
good generals in times of war, and like 
all good statesmen in times of peace, 
looked into the future in designing this, 
our home. 

The Constitution of the American 
Institue of Electrical Engineers states 
that ''Its objects shall be the ad- 
vancement of the theory and practice 
of Electrical Engineering and of the 
Arts and Sciences connected with the 
production and utilization of electri- 
city." 

The results of recent scientific in- 
vestigation show that it does not lie 
within the power of man to produce 
electricity, and accumulated experience 
preempts to the electrical engineer 
the transformation of other forms of 
energy into electrical energy, its trans- 
mission and its adaptation for purposes 
of utilization. To the eflicient, flexible, 
and convenient manner in which these 
things can be done is due the devel- 
opment of the art. The accomplishment 
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of this work has brought about a 
natural classification of the workers 
into; first, those who design, manu- 
facture, and adapt apparatus; secondly, 
those who purchase, erect, and install 
it; and, thirdly, those who operate and 
maintain it. Economic evolution has 
placed the manufacture in the hands 
of a few large corporations that re- 
quire for their work the coóperation of 
all tvpes of human endeavor. In their 
employ are to be found, besides those 
found in every. other industrial or- 
engineers of all kinds, 
even military and naval. 

Because of the great magnitude of 
modern engineering undertakings and 
the desire for high efficiency there is a 
marked tendency to entrust the pur- 
chase, erection, and installation of 
electrical apparatus to large engi- 
neering organizations. Such a one in the 
West, whose head is a prominent 
electrical engineer, includes in its 
staff one or more electrical, civil, 
mechanical, structural, sanitary, chemi- 
cal, gas, hydraulic, mining, industrial, 
and operating engineers. The natural 
results of the existence of such an 
organized staff is the undertaking of 
other than electrical installations. A 
firm in New York City, besides instal- 
ling electric railways, power and light- 
ing plants, is engaged in the con- 
structing of sewerage systems, and in 
the erecting of banks, theatres, hotels, 
terminal stations, and other large 
structures. To such an organization 
the financing and engineering construc- 
tion of the Panama Canal would be 
a natural and a feasible undertaking. 

To those engineers who are engaged 
in the operation of electrical plants 
generally falls the task of purchase, 
erection, and installation of additional 
equipment necessitated by growth. 
Upon their staffs are also to be found 
various types of engineers. 

These instances merely illustrate the 
condition of man’s limitations because 
of his environment, and emphasize 
that the social fabric rests upon the 
interdependence of individuals and the 


1907] 


redemptive economy that results from 
correlation of individual efforts. Try 
as we may to limit the spheres of our 
activities and to direct the lines of our 
intellectual growth, the potentiality 
of its seeds is bevond our control; 
and fortunate are we that there now por- 
tends an appropriate nourishment in the 
intercourse between the cohabitants 
of our new home. 


Some Significances of the 
Engineers’ Building, by 
Frederick R. Hutton 
PRESIDENT OF THE AMERICAN SOCIETY 
OF MECHANICAL ENGINEERS. 


I. Wuo 1s A REPRESENTATIVE ME- 
CHANICAL ENGINEER, 


He who would fain speak in any 
adequate Way as a representative of 
the profession of mechanical engineer- 
ing and of its practitioners in the 
American society must recognize that 
the field of his outlook is exceedingly 
broad. 

The electrical engineer has made 
his own the field of transmission of 
energy for light and power, and for 
transportation bv* railway, and for 
communication between individuals. 

The mining engineer and metallurgist 
have conquered the winning of buried 
wealth from the earth and the process 
ot making it available for industry, 
and the production of wealth. 

The function of the mechanical 
engineer has, therefore, been to share 
with the civil engineer the industrial 
activities in the rest of the field of 
practical achievement. 

If to the latter be assigned the 
permanent way of the railroad and the 
highwav and their bridges, the canal, 
the municipal field in water-works and 
draining and the designing of the 
braced structure as his specialties, 
there remains tc the mechanical engi- 
neer the duty of generating or liberating 
power for all sorts and conditions of 
engineer, and the duty of design and 
creation of apparatus for the broad 
feld of manufacturing. It would 
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appear, therefore, that he will be most 
generally representative of mechanical 
engineering, who places himself in the 
area devoted to the generation of power, 
which underlies all production. on a 
large scale. He is also the one who 
creates machinery and tools for manu- 
facturing and production in all lines, 


and who concerns himself with the 
operation of such plants and the 
consequent creation of wealth. I 


believe that the mechanical engineer 
of the twentieth century is to be the 
manufacturing engineer. 


II. THe INTERNAL SIGNIFICANCE OF 
THE BUILDING TO ENGINEERS. 


If the foregoing be conceded then the 
dedication of the Engineers’ Building 
at this time emphasizes the note- 
worthy economic significance of such 
a building. It has become, therefore, 
the gift of a great producer to the great 
factors of production. 

The owner of a mine is not enriched 
until by the expenditure of skill, power 
and labor, the buried ore has been 
won and made available. The crude 
ore at the surface is not of full value 
until the engineer of transportation by 
land or water has brought it to the 
door of the metallurgical engineer, 
who, by expending skill, power, and 
labor upon it, changes it to useful 
metal. The metal is not of market 
value until the mechanical engineer 
by skill, power, machinery, and labor, 
has brought the metal to its merchant 
forms in which it can be sold and used. 

In the next stage and after the purelv 
productive process over which engi- 
neers have presided, will come the 
industrial or commercial application of 
the materials. For these again, it is 
the engineer who has created the need. 
The railway rail, the beam, the plate, 
the bar, the casting and the forging 
are all made and sold to meet the call 
of the designer, the builder, and the 
user of the constructive elements in 
modern production. For all the 
wealth represented in plant and product, 
it is An engineer who has signed the 
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call. It is his rubbing of the Aladdin 
lamp of knowledge and skill, which 
has brought into existence the material 
result. It is a tribute to the insight and 
ideals of the donor of the building that 
he should have seen that by helping to 
foster the engineer himself, he has 
raised a most notable monument to 
economic betterment and the uplift 
of the community. The building, 
supplying facilities for engineers’ meet- 
ings, for an engineers’ library, and for 
the executive work of engineering 
organizations, has helped to raise and 
to advance the already exalted standard 
of that profession within its own 
bounds. 


III. THe EXTERNAL SIGNIFICANCE OF 
THE BUILDING. 


But the Engineers' Building has not 
alone a meaning and significance to 
those who are to be within it and who 
benefit so directly by its provisions for 
comfort and for progress. It has an 
external significance and a meaning to 
those who are without. It stands in 
dignity and majesty as a public building 
on an eminence to deliver to luxury 
and thoughtlessness its uplifting mes- 
sage. It stands toteach that wealth 
or mere accumulation does not create or 
perpetuate itself until it is used. All 
consequent possibility of culture, educa- 
tion, refinement, and art are latent in 
wealth, but lie hidden there until it is 
devoted to industrial production. Mere 
manipulation of securities or purelv 
capitalistic financing does not produce 


wealth. In manipulation, wealth may 
change owners, but one is poorer 
because the other is richer. The 


Engineers’ Building stands for the real 
creation of community wealth where a 
real asset of value is made to enrich 
both owner and community by multi- 
plying itself in accordance with phvsical 
and economic law. No production of 
wealth is real or can continue which 
is in defiance of law or fact. The 
engineers for whom this building 
exists are students and practitioners 
of their craft and avocation in con- 
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formity with such law. Knowledge of 
such necessary laws lies at the base of 
the prosperity which the community 
enjoys. 


IV. EDUCATIONAL SIGNIFICANCE OF 
THE BUILDING. 


This makes the Engineers’ Building 
at once a beacon and a plea for engineer- 
ing education. This must be such 
training as shall fit the engineer to 
conduct continuous and successful pro- 
duction in accordance with the re- 
quirements of physical and economic 
law. The scientist and the laboratory 
worker and the man of affairs must be 
expected to discover, formulate, and 
apply these laws. The building is, 
therefore, a monument to what the 
engineering school and the scientist 
have done and are yet to do for the 
advancement of our civilization in 
educating its engineers. 

V. Economic SIGNIFICANCE OF THE 
BuILDING. 


Finally,the Engineers’ Building stands 
to rebuke certain economic fallacies. 
It is a convincing answer to a conten- 
tion that physicaltoil and manual labor 
of arm and brawn are the onlv real creat- 
ors of wealth in the production process, 
and that the reward of toilisto be direct- 
ed entirely to him who contributes bodily 
effort. It savs to such a theorist that 
misdirected toil and labor, which goes 
for naught through ignorance of physi- 
cal or economic law, will impoverish 
the community, not enrich it. Experi- 
ments are costly when at their basis 
lie assumptions contrary to fact and 
truth. Furthermore, labor must be 
organized and must be directed by 
knowledge: its tools and its operations 
must also be designed and planned on 
a basis of knowledge and experiment. 
The director and organizer of labor 1s, 
therefore, to be compensated both 
practically and in public consideration 
in proportion to his economic value. 
The engineer as a factor in production 
far transcends the significance of the 
mere craftsman, and this building 
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evidences the truth and the fact. The 
economic future does not lie amid the 
dreariness of some of the contentions of 
the socialist, It lies in releasing more 
and more the human unit from the 
stress which we lay upon the beast 
of burden. In this releasing process 
the engineers will be inevitably the 
leaders. 


VI. CoNcLusiows. 

In conclusion, therefore, I ask you to 
agree with me in these contentions 
three: 

I. That this building is a gift to 
favor production as a factor in creating 
wealth, itself an antecedent to prog- 
ress in art, civilization, culture, and 
literature. 


II. That it should stand in its city, 


as a monument for sound thinking on 
the position of the engineer and his 
relation to wealth and its production 
by knowledge and by skill working 
in accordance with natural law; and, 
therefore, for the significance of engi- 
neering education as favoring such 
sound thought. 


III. That as a consequence of these 
the community as a whole as well as 
the organizations directly benefited 
by the building owe a debt of obligation 
and recognition to him who has made 
all this possible. 


Address by John Hays 
Hammond 
PRESIDENT OF THE AMERICAN INsTI- 
TUTE OF MINING ENGINEERS 


This is unquestionably the era of the 
engineer the world over, and especially 
is this true in respect of America. To 
the skill of her engineers in the exploita- 
tion of her unparalleled resources 
America owes her recognized preemin- 
ence in the industrial world. In the 
development of new fields for industry, 
the engineers has played a conspicuous 
part. First, comes the mining engineer, 
the pioneer of civilization, penetrating 
the dense jungles of the tropics and 
traversing the over-frozen North in the 
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quest for gold. His indomitable pluck, 
his indefatigable energy and his pro- 
fessional skill have sometimes resulted 
in the discovery of a new territory for 
human activity and have sometimes, 
alas! availed naught to save the adding 
of his name to the already long list of 
victims of disease or of murderous 
savages. 

Closely following the adventurous 
mining engineer have come in turn, 
the civil, the mechanical, and the 
electrical engineers to contribute their 
labors to the sum of achievement in the 
advancement of civilization. While 
the mining engineer has been the 
pioneer, he recognizes the indispensable 
coóperation of his confreres and the 
fraternal congratulation of their com- 
mon success in this intellectual team- 
work, through which lost motion is 
prevented and the highest results are 
obtained. He rejoices with them in 
the wise provision of the generous 
donor of this, our Engineers' Building. 

This building becomes a clearing 
house of engineering information, facili- 
tating as it does, interchange of pro- 
fessional knowledge through the trinity 
library and through the personal inter- 
course of engineers of several specialities. 
If we avail ourselves, as we undoubtedly 
shall, of the opportuntities thus afforded 
to us, we shall contribute in a large 
measure to the renown of our profession, 
to the benefit of mankind in general, 
and to the acknowledgment of our 
debt to опг benefactor, Andrew 
Carnegie. 


Joun W. Lies, Jr.: The gift bv Mr. 
Carnegie was made to the three founder 
societies, and to the Engineers’ Club, 
which thereby becomes our co-partner 
in the jomt enterprise. It is therefore 
proper that we should call upon our 
partner, bound to us by ties of friend- 
ship and of neighborliness. We have let 
them in on the ground floor, and by a 
still higher tie connecting the two 
buildings at the ninth story. I am glad 
to call upon Mr. T. Commerford Mar- 
tin, President of the Engineers’ Club. 
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Greetings from the Engi- 
neers' Club 


BY T. COMMERFORD MARTIN. 


To our fellow engineers, who've been 
| looking many years, 
Uptown and down, for a home whose 

rental wasn't high; | 

We, members of the Club, which has 
also felt that rub, 

Bring greetings from 
House nearby. 


our Little 


With you we share the gift; with yours, 
our voices lift 

In praises of Carnegie, who aimed 
our kindred fate to tie. 

“A home for you all” is graven on 
your wall, 

And, deeper, on the cozy Little Club 
nearby. 


Here may brethren dwell in peace; 
here may your tribes increase; 
Here may the founts of knowledge 
ne'er run dry. 

But for leisure moments sunny, or 
refreshing milk and honey, 

Come over to the kindly Little House 
nearby. 


When weary of the jargon of 4 z and of 
argon, 

And of engineering 
daily multiply; 

Just step across the alley, or by the 
high bridge sally, 

To the solace of the cheery Little 
Club nearby. 


problems that 


You are mining or electrical, railwav 
or mechanical, 

All for truth and fact and data in full 

cry; 

in the Club we're human-—not 

forgetting there is woman— 

And all are welcome in the 
House nearbv. 


But 


Little 


To us within these walls, to all fair 
science calls. 

Onward and upward as our temples 
pierce the skv! 
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So to your flow of soul, we shall pledge 
a brimming bow], 
Comrades! playmates! in 

Club nearby. 


the Little 


Joun W. Lies, Jr.: It has always 
been one of the features of the social life 
connected with our professional engi- 
neering bodies that they have fra- 
ternized, not only among themselves, 
that they have spread their hands 
across the sea to their brothers in foreign 
lands. We have had numerous inter- 
changes of visits, and it is always 
a welcome occasion that brings anew 
the opportunity of seeing our friends 
from abroad. 

Among the distinguished guests that 
we have with us to-day is an old friend 
of тапу of the members of the engineer- 
ing societies, and I shall call upon 
the special representative of the Insti- 
tution of Electrical Engineers of Great 
Britain, Sir William Henry Preece. 


Address by Sir William 
Henry Preece, H.C.B., 
F.R.S. 

It is an old Latin proverb which says, 
Pocta nascitur, non ft, which roughly 
translated is, poets are born and not 
made. 

We have had before us just now an 
unknown poet, and I must say I 
think we shall all agree that he must 
have been born so, for the natural 
tendency in the matter-of-fact business 
that he is engaged in is not one that 
would aid him in pouring forth sucha 
beautiful welcome in such charming 
words. 

I am here as an engineer who believes 
in facts. I was not born a poet, and it 
is my duty as the representative of the 
British. Institution of Electrical Engi- 
neers to express for them the great 
pleasure we have in supporting the new 
movement that has taken place here, 
or rather in taking part in the exercises 
which are culminated in this meeting 
to-day. 

I think that mv friends at home must 
have been afraid of my being tempted 
elsewhere during this week, for they 
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have sent me a message to remind me 
of what my duty ought to be. I re- 
ceived this morning a message which 
Says: 

“ The president and council of the 
Institution of Electrical Engineers send 
most cordial greetings to the sister in- 
stitute on the occasion of the dedica- 
tion of their new home." 

I would sav, speaking as a member 
of the Institution, that it gives me the 
geatest pleasure to be here; and I can 
say more on my own behalf, that I 
appear here not only as the representa- 
tive of the English institution of Elec- 
trical Engineers, but also, as you will 
see by this badge. as an Honorary Mem- 
ber of the American Institute of Elect- 
rical Engineers. In fact, I hold a unique 
position. It is a kind of a duplex 
position, for there are only two honorary 
members—one is Lord Kelvin, and 
the other is W. H. Preece. And I 
was about to say that there is no 
honor that I hold higher than the 
position. of Honorary Member of vour 
Institute. | 

I felt stronglv inclined, when Рго- 
fessor Hutton referred to the functions 
of the engineering societies, to tell him 
that if one wants to know a little some- 
thing of the history of the mechanical 
engineer he should study his Bible, for 
there he will find in one of the earlier 
chapters of Genesis that, according to 
the King James version, '' Tubal-cain 
was an instructor of every artificer in 
brass and iron."* So then we learn, 
that in very early davs there was some- 
thing like technical education. That 
version has been revised in the new 
edition, and it says: '' Tubal-cain was a 
forger of every cutting instrument of 
brass and iron." I hope that Mr. 
Hatfield, who represents the great in- 
dustry of cutting tools in Sheffield, will 
take back home with him this fact that 
I have found for him, if he did not know 
it before, in a very old book which I 
am glad to say many of us read as often 
as we possibly can. 

Sir, I do not know the time that vou 
are going to allot to your speakers, but 


*Genesis IV, 22. 


NOTES AND COMMENTS 23 


I can say this, that anybody here who 
is anxious to hear me on these points— 
I am such a crank in speaking about 
what engineering has done, and what 
engineering is that I can go on as long 
as to-morrow morning. Eschewing en- 
gineering subjects for the moment, I 
wish to say that it is with earnest feel- 
ings of pleasure and delight that I come 
to take part in the proceedings of your 
Institute. Nothing gives me so much 
pleasure as to come across the Atlantic, 
for I find that I can go back home 
with energy renewed, charged with 
energy such as we do not know at 
home until we have been over here. I 
am impressed always with the advances 
made, and I am glad to think I have 
had the opportunity and I hope I shall 
have it again, to impress upon my 
fellow-countrymen the advantages of 
coming across the ocean to see you. 


Brief congratulatory remarks were 
then made as follows: 

On behalf of the American universi- 
ties, by Mr. Walter C. Kerr, trustee of 
The Cornell University. 

On behalf of the Iron and Steel In- 
stitute of Great Britain, by Mr. R.A. 
Hatfield. Mr. Hatfield presented the 
United Engineering Society with an il- 
luminated manuscript from the Iron 
and Steel Institute, the Institution of 
Civil Engineers, and the Institution of 
Mechanical Engineers of Great Britain. 

On behalf ot the Freibund Deutscher 
Elecktrische Technic, bv Dr. Frederick 
Eichler. 


On behalf of the American Society of 
Civil Engineers, past-president John 
Findlay Wallace read the following 
letter from president G. H. Benzenberg: 


“ Though not a member of either of 
your societies, I would like to have 
joined with you in giving hearty ex- 
pression and acknowledgment of the 
splendid and generous recognition which 
Mr. Carnegie has given to American en- 
gineers by this magnificent gift. This 
recognition of the achievements of the 
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profession should stimulate and inspire 
every one of us to a higher accomplish- 
ment and to nobler purposes, so that the 
lofty motive which actuated the donor 
when he formulated his proposal may 
have its warrant in the further progress 
made by the engineer in every branch 
of his profession, between which no 
envy or rivalry should ever exist, ex- 
cepting that contention of the engineer- 
ing profession in every branch for the 
benefit of the profession at large. | 

May this home be a monument to 
the eminence and standing which the 
engineer has attained in every branch 
of the great industnal advancement of 
this country, and may his further pro- 
gress and success in the economical de- 
velopment of the resources of nature 
for the use and benefit of man bring to 
him the full recognition he shall deserve. 

Please accept and convey my sin- 
cerest good wishes and congratulations 
to the societies upon this occasion of the 
memorable opening of their new home, 
and may the spirit of peace, progress, 
and prosperity ever dwell within its 
walls. ” 


Address of Dr. Henry Prit- 
chett 

PRESIDENT OF THE CARNEGIE FouNp- 
ATION. 


We who labor in the preparation of 
men for' the calling of the engineer 
feel a keen interest in your success and 
in vour gift, and, for two reasons; 
first, because we have seen here 
an effort towards cooperation and unit y, 
and we feel that progress is in accord 
with the spirit of the age. There could 
be no more fitting time to dedicate 
such a building as this, occupied and to 
be held by the engineering societies, 
than at the time of the meeting of a 
great peace conference. Secondly, we 
feel a great interest in this evidence of 
prosperity on the part of vour societies, 
because it 1s a recognition of the dignity 
and of the value of the calling of the 
engineer. 

After all, the engineer is the real 
civilizer of to-day, is the real advance 
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agent of civilization and of culture. [ 
cannot but think that such a building 
engineering could have been given 
no more fittingly by any one than by a 
man born in Scotland, because Scotland 
was civilized by engineers. There 
is a tradition that it was done by the 
poet and by the priest and by the uni- 
versitv, but as a matter of fact it was 
done bv the engineer. 

The story is a short one. At the 
end of the eighteenth century the 
inhabitants of Scotland were still 
engaged in the noble business of 
lifting cattle from their southern 
neighbors. I have no doubt that the 
Carnegie clan got 115 full share. Тһеу 
had poets, they had prophets, they had 
universities, but they lacked civiliza- 
tion. Four engineers came along and 
civilized them. One taught them how 
to build roads, and his name is perpetu- 
ated to-day in the street pavement 
known as the Telford. The second 
taught them how to build a bridge 
across a stream. A third, and perhaps 
he was the greatest of all, taught them 
how to harness the power of steam. 
The fourth taught them how to draw a 
wagon on two rails with steam power. 
Those four men did in fifty years more 
than all the poets and prophets and uni- 
versities had not done in a thousand 
years; they changed the country from 
a generation of cattle lifters to a gen- 
eration of civilized men. 

Speaking in all seriousness, sir, this 
building is of greatest moment to us 
because it does recognize that very fact. 
Your engineer is to-day the real worker 
in civilization. He is not a poet, he is 
not a prophet. he is not a priest; but 
he is a constructor? He represents the 
constructive side of human develop- 
ment, not the destructive side or the 
passive side, and as such he is the real 
maker of the civilization of our day. 

What is it that makes civilization? 
What is it that civilized Scotland? It 
was the making of transportation, it 
was the bringing of men together; for it 
is not weakness that brings war and that 
makes peace impossible, but it is the 
ignorance, the lack of knowledge of one 
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people of another. that makes war pos- 
sible and that brings with it all the hor- 
rors which war entails. He who builds 
the railroad, he who throws a bridge 
across a stream, he who makes trans- 
portation possible,—they are the men 
who build the enduring paths of peace 
and of civilization. 

So we, sir, of the .technical school, 
ask vou as engineers that you may help 
us in our work of instruction to realize, 
and to make our students realize, that 
the engineer is the builder not only of 
material civilization, but that he must 
be in this next quarter century a builder 
also of those structures which look 
towards things which are spiritual and 
towards things which are eternal. 


———À — —À 


On behalf of the Verein Deutscher 
Gesellschaft, Mr. Charles Kirchhoff said: 

I come to you to-day to bring 
the greetings of one of our German 
sister societies, whose headquarters are 
in that beautiful city on the Rhine, 
Dusseldorff, where they have cunningly 
succeeded in establishing both an art 
centre and an industrial centre. The 
foreign societies and the societies on 
this side of the water have repeatedly 
exchanged visits. I have been a guest 
on some of these occasions; I can 
assure you that if I should be a host in 
future years you will find true again 
what you have found in the past: there 
ıs an open hand. an open heart, and 
an open cellar door readv for you at 
all times. 

Mr. Kirchhoff then presented the 
United Engineering Societies with an 
:lluminated manuscript from the Verein 
Deutscher Gesellschaft. 


On behalf of the Societe Internationale 
des Electricite of France, by Mr. Carl 
Hering. 

On behalf of the Faraday Society of 
Great Britain, by Mr. Leon Gasper. 


On behalf of the Canadian Society of 
Civil Engineers, a congratulatory tele- 
gram from the president, Mr. W. Michael 
Wellbank. 


On behalf of the Associazione Elet- 
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trotechia Italiana, and the Italian So- 
ciety of Engineers and Architects, bv 
Mr. John W. Lieb, Jr. 


On behalf of the Berlin Observatory, 
by Dr. F. R. Archenhold. 


On behalf of the associate societies 
in the Engineers’ Building, by Captain 
Baxter, United States Navy. 


Mr. Lieb then read a large number 
of congratulatory letters and telegrams 
from all parts of the world. Among 
these were the following: 


London, April 4, 1907. 
"Iam sorry it is not possible for me 
to present on the occasion of the dedi- 
cation of the building of the Engineer- 
ing Societies on April 16 and 17, as I 
must be in London at that time. 
Kelvin." 


“ Institution of Civil Engineers, Great 
Britain. Under a resolution of the coun- 
cil I have the honor to request you to 
convey to the trustees of the United 
Engineering Societies the very warm 
congratulations of this Institution upon 
the occasion of the dedication of the 
new building established asa home for 
American engineering societies. With 


ап expression of the hope that it may 


be the means of furthering the interest 
of the engineering profession and of 
establishing more closely the relations 
which exist between its various branches 
I have the honor to be, sir, your obe- 
dient servant, 

“ J. Н. T. Bacborough, Secretary.” 


“ Council of Institution of Mining and 
Metallurgy now assembled send cordial 
congratulations to American confreres 
on dedication of the United Engineering 
building.” 


Jonn W. Ілев, Jr.: We have to-day 
as one of the features of our programme 
the presentation of the John Fritz gold 
medal, and as an introduction tothe 
presentation of that medal I will ask 
Mr. Fritz kindly to be seated on the 
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platform. [Mr. Fritz took the platform 
amid great applause.] This medal, as 
you may know, was founded by a num- 
ber of friends—and he has a host of 
them in the engineering profession—of 
our honored colleague, John Fritz. 
The American Society of Civil Engi- 
neers, the American Society of Mechan- 
ical Engineers, the American Institute 
of Mining Engineers, and the American 
Institute of Electrical Engineers, con- 
stitute a board through their repre- 
Sentatives which awards this medal 
Mr. Charles F. Scott is the chairman of 
the board which has awarded the medal. 
this year to Dr. Alexander Graham Bell. 


John Fritz Medal. 

Presentation of medal by Charles. F. 
Scott, chairman of the Board of Award, 
April 17, 1907: 

The presentation of the John Fritz 
medal on this occasion has a peculiar 
significance, for this noble building owes 
much to the John Fritz medal. The 
happy outcome of the coóperative move- 
ment by which the national engineer- 
ing societies joined in the founding of 
this medal, and the brilliant dinner to 
John Fritz on October 31, 1902, did 
much to develop the sentiment of which 
this building is the outcome. Mr. Fritz, 
in grateful response to the honor he had 
received, was the nestor of the com- 
mittee to whom Mr. Carnegie handed 
his letter of gift. I am personally glad 
to acknowledge that it is to the John 
Fritz dinner that I owe an acquaintance 
with the several societies, and a con- 
ception of what engineering societies 
may accomplish when they work to- 
gether. The ideals which were there in- 
spired have been the impelling force in 
my relations to the noble enterprise 
which is consummated in the dedica- 
tion of this building. 

The vision of the future which seemed 
to show a reflection of the John Fritz 
medal in a larger life of the engineer of 
the twentieth. centurv, was discerned 
by the keen eve of a genius in foreseeing 
and in inaugurating movements for the 
upbuilding of men, and bv a touch of 
his magic wand of wealth he has brought 
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it to a reality in this magnificent. build- 
ing—the capitol of American engineer- 
ing. 

This medal signifies more than a bit 
of gold, more than honor to a man for 
his achievements. It stands for a sen- 
timent, for a new ideal from which many 
results may follow. As one of the first 
fruits to which it has contributed has 
come this noble building. 

On this dedicatory occasion the first 
formal announcement is made of the 
awards of the John Fritz medal. 
The first award was made on January 
20, 1905, to Lord Kelvin, “ For his 
work in cable-telegraphy, and other 
scientific achievements." The second 
award was made on January 19, 1906, 
to George Westinghouse, “ For the in- 
vention and development of the air 
brake." The third award was made 
on January 18, 1907, to Alexander 
Graham Bell. 

Dr. Bell, on behalf of the Board of 
Award of the John Fritz medal, con- 
sisting of Messrs. Charles Warren Hunt, 
Charles Hermany, C. C. Schneider, and 
Frederic P. Stearns, from the American 
Society of Civil Engineers; of Messrs. 
Charles Kirchhoff, E. E. Olcott, E. G. 
Spilsbury, and James Douglas, from the 
American Institute of Mining Engi- 
neers; of Messrs. S. T. Wellman, James 
M. Dodge, John E. Swect, and Henry 
R. Towne, from the American Society 
of Mechanical Engineers; and of Messrs. 
Charles F. Scott, B. J. Arnold, J. W. 
Lieb, Jr., and Schuyler S. Wheeler, from 
the American Institute of Electrical 
Engineers, I have the honor to present 
to you this medal, for the invention and 
introduction of the telephone. 


RESPONSE OF ALEXANDERGRAHAM BELL. 


I hardly know how to express myself 
fittingly in response to the honor that 
is bestowed upon me. I can only say 
that I appreciate very highly this medal, 
and I shall prize it also from the fact 
of its being presented in this magnificent 
building, this temple dedicated to ap- 
plied sciences, the home of the societies 
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of engineers; but I think that what will 
give this medal even greater impress 
in my  recollection will be the fact 
that it is presented in the presence 
of the venerable John Fritz himself. 

Joun W. Liss, Jr.: As has already 
been stated to-dav, the engineering 
societies have for many years labored 
under extraordinary difficulties іп un- 
satisfactory and inadequate quarters. 
That the engineering societies under 
such disadvantages did individually 
thnve and grow is nothing short of 
marvelous, but we have had in the mean- 
time the work of the indefatigable sec- 
retary. In undertaking to choose 
whom I should first present in connec- 
tion with the presentation of the medal 
which is hereafter to be entitled “ Dis- 
tinguished Service Medal," to which of 
these gentlemen we should first call to 
the platform, mv first inquiry was as to 
their relative length of service, and when 
I sav to you that two of them had 23 
years' service, one 22 years, I do not 
think we can make any distinction on 
that account. Itherefore call upon Dr. 
A. R. Ledoux, past-president of the 
American Institute of Mining Engi- 
neers, representing the three societies, 
to present these medals. 


Address by Dr. Albert 
R. Ledoux. 

There is a saying that republics are 
ungrateful. The same is sometimes 
afhrmed of “soulless corporations. ” 
But this cannot be charged against our 
three societies; for the dominant note of 
these exercises has been gratitude for 
this splendid home in which we will 
dwell together in fraternal unity, but 
there are still other notes of gratitude 
that we would sound to-day. 

In every organization, whether the 
individual units are represented by 
trustees, or directors, or committees, 
there is alwavs some one man who does 
the greater part of the work. With us, 
it is the secretarv. Presidents come and 
go, but the secretary works on unceas- 
ingly. We have been most fortunate 
in our three secretaries, not only on 
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account of their remarkable executive 
ability, not only on account of their 
tactfulness and other qualifications of 
mind and heart, but on account of their 
unselfish willingness to devote so manv 
of the best years of their lives to our 
several interests. During their official 
incumbency, we have developed from 
small beginnings to the splendid aggre- 
gregation of nearly 12,000 members. 
Whatever may be the achievements of 
their successors in office, these men 
have set a standard which it will be 
dificult for anyone to surpass. 


Ralph Wainwright Pope 


The American Institute of Electrical 
Engineers was organized in 1884. In 
1885, Ralph Wainwright Pope was 
elected its secretary. Born August 16, 
1844, educated at Great Barrington and 
Amherst academies, he developed early 
in his career a marked taste for mechan- 
ics, and has been continuously identi- 
fied with what might be called applied 
electricity. He entered the service of 
the Housatonic Railroad in 1859. At 
the outbreak of the Civil War, he en- 
tered the service of the American Tele- 
graph Company and became an expert 
telegrapher. Later he joined the famous 
Collins Overland Telegraph Expedition, 
which the success of the Atlantic cable 
prevented from establishing connection 
with Europe across the wilds of British 
Columbia, Alaska, and Siberia. Mr. 
Pope was for ten years subsequently in 
the service of the Gold and Stock Tele- 
graph Companv, resigning the position 
of deputy superintendent in 1883. 
From that date until 1888, he was ac- 
tively engaged in the editing and pub- 
lishing of technical electrical papers in 
this city. 

But it is of his service as secretary 
that I speak with especial emphasis. 
During his tactful administration, the 
growth of the Institute has been rapid. 
In 1887, he consented to devote prac- 
tically all of his time to its interests 
alone. He has made a constant study 
of its needs and has not hesitated to 
recommend the adoption of all that ap- 
pealed to him as desirable in the meth- 
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ods and activities of other technical 
organizations. 
dence of the appreciation of Mr. Pope's 
service is that furnished by the mem- 
bers of the Institute itself. The office of 
secretary is purely elective, an: the 
term is only one year. Mr. Pope has 
been re-elected twenty-two times with- 
out opposition. | 

His clear conception of details; his 
genius for taking pains; and the orderly 
methods of his office, have earned for 
him the affection and the gratitude of 
the directors and members of the Amer- 
ican Institute of Electrical Engineers, 
whose wishes he has so ably carried out. 


Frederick Remsen Hutton 
Long may it be said of our secretaries 
that none die! But it can no longer be 
said that none ever resigns, for the 
record of the trio, whom to-day we 
honor, has just been broken by the 
election (I do not say promotion) of 
Secretarv Frederick Remsen Hutton to 
the presidency of the American Society 
of Mechanical Engineers. Dr. Hutton 
was born in this city on May 28, 1853, 
was graduated from Columbia Univer- 
sity in 1873 as A.B., received the degrees 
of M.E. in 1876, Ph.D. in 1882,and Sc.D. 
in 1904. Since his graduation and up to 
the present time, Dr. Hutton has been 
intimately connected with the life and 
growth of his alma mater. He was, as 
instructor in mechanical engineering, 
associated with the late Professor W. P. 
Trowbridge; was appointed adjunct 
professor in 1881, and full professor in 
1890, and was dean of the faculty of 
applied science for many years. 
Perhaps Professor Hutton has left 
his most enduring mark upon Columbia 
University, through his successful ef- 
forts to create and equip one of the 
most complete mechanical laboratories 
possessed by any of our technical 
schools. He has found time in the midst 
of many exciting duties, not only to 
devote his abilities to the building up of 
the American Society of Mechanical En- 
gineers, but to many outside activities. 
He has been school trustee, editor of 
the Engineering Magazine; one of the 
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editors of Johnson's Encyclopedia, the 
Century Dictionary, the author of works 
on mechanical engineering, power plants, 
heat engines, machine tools, the gas 
engine. Like Mr. Pope, President Hut- 
ton bas rounded out almost a quarter 
of a century in the office of secretary of 
his societv, for he was elected to that 
office in 1883, and annually ever since 
until he declined a re-election in 1907. 

Members of this society are unani- 
mous in the statement that its growth 
has been largely due to the energy and 
optimism of its secretary. Through his 
initiative many valuable additions to 
its library were acquired. It was his 
courage that made it possible to pur- 
chase the headquarters building in West 
Thirty-first Street, the recent sale of 
which at double the cost price confirms 
the wisdom of the venture. 

During the last three years, a double 
burden has been placed upon the shoul- 
ders of Dr. Hutton, for he has also been 
the secretary and one of the most active 
members of that unique body of allied 
engineers, known as the trustees of 
United Engineering Society, and of the 
building committee, charged with the 
design, erection, and maintenance of 
the edifice in which we assembled to- 
day. Would that I had the gift of 
language of Dr. Hutton, that I might 
in adequate terms express appreciation 
of the symmetry and order which he has 
injected into the proceedings and re- 
cords of all of these organizations, and 
in this, I can speak with knowledge, 
for until 1906, I had the honor to be a 
member of the United Engineering So- 
ciet y. 

Rossiter Worthington Ray- 
mond 

] turn now to mention another of our 
three great secretaries, Rossiter Worth- 
ington Raymond. I have found it dith- 
cult, for personal reasons, to confine 
mvself to an enumeration of the public 
services of this veteran officer of the 
American Institute of Mining Engineers, 
for my association with him has been 
very intimate. We have counselled to- 
gether for the Institute, in dark davs 
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and in bnght, and, for nearly a decade 
occupants of the same building, we 
came in daily, personal contact. But 
I must forbear to say what I would of 
his lovable qualities as a man. Dr. 
Raymond was born in Cincinnati on 
April 27, 1840. After education in pub- 
lic and high schools, he was graduated 
from the Polytechnic Institute of 
Brooklyn, in 1858, at the head of his 
class. He was one of the first of our 
great Ameriean mining engineers to 
take advantage of the instruction at 
the mining academy at Freiburg, Sax- 
ony, after courses at the universities at 
Heidelberg and Munich. 

Returning to America in 1861, he 
enlisted in the Union army, and re- 
signed in 1864 with the rank of captain. 
He was on the staff of Major-general 
Fremont during the campaign in the 
valley of Virginia. From 1864, Dr. 
Raymond has practised as a consulting 
mining engineer and metallurgist. In 
1867, he became the editor of the Amer- 
ican Journal of Mining, the predecessor 
of the Engineering and Mining Journal, 
in the establishment of which he had 
a large share, the weight of his pen 
being one of the contributing factors 
of its continued success. In 1868, he 
was appointed United States Commis- 
sioner of Mining Statistics, which posi- 
tion he retained until 1876, editing 
eight monumental reports. He was lec- 
turer on economic geology at Lafayette 
College, from which he received the 
honorary degree of Doctor of Philos- 
ophy in 1870. From Lehigh University 
he received the degree of LL.D. in 1906. 

The American Institute of Mining 
Engineers was established in 1871. Dr. 
Raymond was chosen vice-president, 
really discharging the active duties of 
the president, owing to the physical in- 
capacity of the president, the veteran 
David Thomas. Dr. Raymond was 
thrice elected president, and was made 
secretary in 1884; since then he has 
been annually re-elected the executive 
of the Institute. For years he was sole 
editor of its Transactions. These 
Transactions have been the standard 
upon which many newer scientific 
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bodies have modeled their publications, 
and upon which some of the older 
organizations have remodeled theirs. 
The products of Dr. Raymond's ver- 
satile pen have often adorned these 
volumes, as well as the pages of many 
other publications in this and in foreign 
countries. At the request of the United 
States Government, he prepared for 
the Geological Survey an authoritative 
resumé of our complex and unfortunate 
mining laws, upon which subject Dr. 
Raymond's voice has many times been 
heard. 

Amid all his varied professional du- 
ties, Dr. Raymond has found time also to 
devote himself to matters outside of 
mining and metallurgy. In 1893, he 
was admitted to the bar of the Supreme 
Court of New York State, and subse- 
quently to the Federal courts, and is 
often named in judicial decisions as an 
authority, particularly upon mining and 
patent law. 

In 1885, Dr. Raymond was one of 
the three state Commissioners of Elec- 
trical Subways of the city of Brooklyn, 
and for four years its secretary. He 
prepared the final report, which is still 
quoted as one of the most important 
contributions to municipal engineering. 

Many honorary degrees and honorary 
elections to important societies have 
been conferred upon Dr. Raymond, 
from all parts of the United States and 
from Europe. For twenty years he was 
the consulting engineer of the New 
Jersey Iron and Steel Company, the 
Trenton Iron Company, and other 
of the mining and metallurgical cor- 
porations controlled by the firm of 
Cooper and Hewitt. 

It is surely not out of place in his 
presence, to mention briefly the work 
of Dr. Raymond along still other lines. 
His articles on '' Labor and Law ” and 
“ Labor and Liberty,” his management 
of the Saturday evening free popular 
lectures at Cooper Institute, at which 
he often presided, his discriminating 
“ Life of Peter Cooper,” and other writ- 
ings too numerous to mention, have 
shown his deep grasp of our social prob- 
lems and his sympathy with his brother 
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man. His name is indissolubly associa- 
ted with the work and history of Ply- 
mouth church. 

In order to give public expression to 
the appreciation of these three founder 
Societies for their three great secre- 
taries, there have been prepared by the 
distinguished artist, Victor Brunner, 
three identical gold medals. Upon one 
side there is depicted a figure repre- 
senting the spirit of invention and re- 
search, typified by a vouth who holds 
in his hand a tablet, upon which his 
attention is fixed. Enveloping him is a 
cloud of steam, which rises from the 
stack of a modern locomotive, typical 
of mechanical engineering, above ap- 
pears the top of a blast-furnace. Below 
and at his right hand appear the em- 
blems of the founder societies encircled 
by an olive wreath, while opposite is a 
view of our present building, with an 
inscription reciting the fact and date of 
its dedication. Above the seated figure 
are suggestions of the work of the elec- 
trician and miner, represented in the 
one case by a high-tension electric line 
and in the other by men operating a 
power drill. Upon the obverse of each 
medal are inscribed the names of the 
recipients and the reason of its bestowal. 

And now, Mr.Pope, Professor Hutton, 
and Dr. Raymond, I take pleasure in 
handing to each of you this token of 
our sincere appreciation and regard. 
In the name of our three societies I 
thank you for service past, and express 
the hope that long may you be spared 
to give us the benefit of your ripe ex- 
periences and the inspiration of your 
leadership. 


Response on Behalf of the 
Recipients of the Medals 
by Frederic R. Hutton. 

As the voungest in years and the 
longest in service, and as the man no 
longer in office, mv colleagues have 
suggested that to me might fall the 
opportunity of a word of recognition. 

On a Judean hillside on the first 
Christmas night three shepherds were 
engaged in their occupation under the 
open sky. They were not remarkable 
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men. They were doing the work of the 
hour—the duty that lay next to them. 
Suddenly about them a glorv of light, 
and a message—a message that was 
not to them alone, but to the whole 
world, that a new era had dawned. It 
was to be an era of good will and peace. 

There have been three craftsmen sit- 
ting at their desks. They have not con- 
sidered themselves remarkable men; 
they have been doing their daily toil; 
they have been doing the duty which 
lay next to them. Suddenly there has 
come to these three men a blaze of ap- 
preciation, which makes them silent 
and thrills them. 

The message of that appreciation 
is not to us alone. It 15 to the world 
of engineering as well as to us and to 
our successors. We take it that the 
message and the glory mean the dawn- 
ing of a new era—the new era which 
opens with the Engineers’ Building, 
and is to be an era of progress, pros- 
peritv, and peace. 


Professional Sessions 
MoNDpAv, Арві, 15, 8.15 p.m. 
Special meeting in main auditorium 
of the American Institute of Electrical 
Engineers, presided over by Sir W. H. 
Preece, K.C.B., F.R.S., past-president 
and representative of the Institution 
of Electrical Engineers of Great Britain. 

Paper by Louis M. Potts on the 
Rowland Telegraphic System. 

THURSDAY, APRIL 18, 2 p.m. 

Meeting of the American Institute of 
Mining Engineers in main auditorium. 

Illustrated paper by H. T. Hildage 
on Mining Engineering Operations in 
New York City and Vicinity 

THURSDAY, APRIL 18, 8 p.m. 

Meeting of the American Society of 
Mechanical Engineers in the main 
auditorium. Paper by Brig-gen. W. 
Crozier, О S. A., on the Ordnance Dept. 
as an Engineering Organization. 

Fripay, APRIL 19, 8 p.m. 

Informal smoker and vaudeville, 
Madison Square Garden concert hall, 
under the management of the American 
Institute of Mining Engineers for the 
members of the three founder societies. 
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Rates of Chargefor Elec- 
tricity and their Effect on 
Cost* 

In considering the question of rates 
for the sale of electric light and power 
from a central station, one of the most 
important things to bear in mind is that 
only a small part of the cost of produc- 
tion is proportional to the output of the 
station. The bulk of the cost is inde- 
pendent of the output and consists of 
interest, depreciation, taxes, and insur- 
ance on real estate, generating appar- 
atus and distributing system; the man- 
agenal, office and miscellaneous ex- 
penses, as well as the greater part of 
the wages, and even a small part of the 
coal. since frequently coal is consumed 
merely to keep up steam or to run en- 
gines with little or no load. 

The very high proportion of fixed ex- 
penses, that is of expenses not affected 
by the output of the station, is a pecu- 
larity of the electric business and is 
due primarily to the fact that the 
greater part of the demand for current 
is compressed into a few hours each 
day. This last fact is also true of the 
gas business, but whereas it is possible 
to store gas efficiently during the hours 
of light load, electricity must be manu- 
factured at the moment it 15 called for 

It follows that the capacity of the boil- 
ers and machinery, of the transformers 
and ot the distributing mains, is de- 
termined not at all by the total output 
of the plant but altogether by the 
maximum load which the plant 15 called 
upon to carry, and therefore if this 
maximum load is very high in propor- 
tion to the average load on the plant, 
then the investment expenses of the 
plant will be a very large proportion 
of the total expenses. Now this is pre- 
cisely the condition of the average sta- 
tion producing electricity. The max- 
imum load is out of all proportion to 
the average load, or in other words, the 
" Joad-factor " of the station is very 
low. 

*A paper read by J. S. Codman. before the 
Boston and Corneli Branches of the American 


Institute of Electrical Engineers. March 20, and 
March 8, 1902. 
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The term load-factor is used a 
great deal by those connected with the 
central station business and may be 
perfectly famihar to all of you. Never- 
theless, as I shall have occasion to use 
it frequently in the development of my 
subject, I will not take for granted 
that it is understood. 

The load-factor is generally de- 
fined as the ratio of the average load 
on the station to the maximum load, 
and is usually expressed in percentage. 
thus 50% load-factor means that 
the average load is one-half the max- 
imum load. The method of ascertaining 
the average load on the plant for a 
period of time is to divide the output 
in kilowatt-hours for the period by the 
number of hours in the period. For 
example the average load for a year is 
equal to the output for the year in 
kilowatt hours divided by 8760, the 
number of hours in a year. 

By load-factor is sometimes meant 
the ratio of the average load to the ca- 
pacity of the plant and the period of 
time referred to is not necessarily a 
year, so that it is important, when the 
term is used, to state or ascertain ex- 
actly what is meant. In this paper, 
however, unless otherwise stated, the 
term load-factor will mean the an- 
nual load-factor as above defined, 
and expressed algebraically, as follows: 


Average Load 
Load-factor = gas - - 
Maximum Load 


Output + 8760 


Maximum Load 


Output 
— 8760 X Maximum Load 


From this last expression of load- 
factor it appears that another defini- 
tion of it may be given as follows: that 
is, the ratio of the actual output of the 
plant to the output that it would have 
if it were run at maximum load for 
24 hours a day, every day in the ycar, 
and further it follows that when the 
plant is actually run at maximum load 
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continuously throughout the year then 
the load-factor is 100%. - 

. This condition of running, viz. at 
10095 load-factor, is the ideal con- 
dition for any plant, as there is then 
no idle machinery except that used as 
reserve in case of a breakdown or to 
allow for growth, and what should be 
particularly noted is that under this 
condition the output being at the max- 
imum, each kilowatt-hour of output 
has to carry a minimum proportion of 
the fixed expenses and the average cost 
per kilowatt-hour is therefore at a 
minimum. 

The fact is that if electric plants 
generally could be run at 100% load- 
factor. the average price at which a 
kilowatt-hour could be sold would be 
very much less than it is at present, 
and a very general use of electricity 
for heating and cooking as well as for 
power and light would be an actuality 
instead of only a possibility as it is 
to-day. 

Progressive central station managers 
to-day realize that far greater progress 
toward a low cost per kilowatt-hour is 
to be expected by improvements in 
load-factor than by any economies 
in the actual mechanical operation of 
a plant. Not much is to be expected 
now in this latter direction. The intro- 
duction of the steam turbine means a 
Saving in space and probably also in 
coal consumption and in repairs to 
machinery, but it will not affect the 
average cost of a kilowatt-hour to any 
great extent. On the other hand there 
is plenty of room for improvement in 
load-factors. The load-factor of the 
average central station is very low, 
often less than 10% and only occa- 
sionally greater than 30%, and a slight 
improvement in load-factor there- 
fore will have a great effect on the 
average cost per kilowatt-hour. In 
order to get a concrete idea of this it 
will be best to take an example. 

Let us suppose that an electric 
central station has a load-factor of 
20%, which is pretty fair in practice, 
that is, that the maximum load on 
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the station is five times the average 
load, or, what is the same thing, that 
the actual output of the station is only 
one-fifth of what it would be if it could 
be run at 100% load-factor. Let 
us also assume that with this load- 
factor the fixed expenses of the sta- 
tion, including such charges as  in- 
terest, depreciation, taxes, insurance 
and a proper amount for dividends, 
form 75% of the total expenses, not at 
all an unusual proportion, the remain- 
ing 25% of the expenses being due to 
the actual production of electricity. 
Further, let us assume ten cents as a 
fair average cost per kilowatt-hour, in- 
cluding both the fixed expenses and 
those directly due to the output, which 
latter we may call the running ex- 
penses. 

If we now assume that the output 
of the plant increases five times, but 
in such a way that the maximum load 
on the plant remains as before, thus 
necessitating no further investment, 
then the fixed expenses will remain as 
before, viz. at 75%, of the original 
total expenses, while the running ex- 
penses wil have been multiplied by 
five, that is, they will now be 125% of 
the original total expenses, and the 
new total expenses will be 75% plus 
125%, which is 200% of the old total 
expenses. In other words, the total 
expenses will have only doubled while 
the output will have been multiplied 
by five and the new average cost per 
kilowatt-hour will be only $ of the old 
cost, the fall in the average cost per 
kilowatt-hour being from 10 cents to 4 
cents, or a reduction of 60%. 

A load-factor of 100%, however, 
is of course utopian, and it is, therefore, 
perhaps of more practical interest to 
inquire into the effect of a smaller in- 
crease of load-factor, let us Say, 
from 20% to 24%. The other assump- 
tions being maintained as before, we 
have the fixed expenses as 75%, the 
new running expenses as 30%, and the 
new total expenses as 105% of the old 
total expenses, while the new output 
is 120% of the old. The new rate per 
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kilowatt-hour will then be 12$ of 10 
Cents, that is, 8.75 cents, or a reduction 
in cost of 121% due to an increase of 
load-factor from 20% to 24%. It 
will be seen then that but a compara- 
tively small increase in the output of 
the average plant means a great saving 
in the cost per kilowatt-hour, provided 
always that this increase in output does 
not bring with it an increase in the 
maximum load on the plant so great 
that increased expenses due to new in- 
vestment completelv offset the advan- 
tage of the increased output. 

As before stated, the above facts are 
pretty well appreciated to-day with the 
result that the more progressive com- 
panies ha ve organized special '' business 
getting " or 
ments with the prime object of in- 
creasing the market for electric energy, 
especially in those directions which will 
result in an increased output from the 
plant at those times when it would 
otherwise be running under light load. 
They usually strive to accomplish this 
by the use, among other ways, of per- 
sonal solicitation of customers and by 
advertising. especially with a view to 
increasing the use of electricity for a 
variety of other purposes besides light- 
ing. With most central stations, the 
maximum load on the plant or '' max- 
imum demand '' is due to the lighting 
load, and any increase in the output 
for other purposes than lighting is 
pretty sure to have a favorable effect 
on the load-fictor. In most cases 
a great deal has already been accom- 
plished in the direction of selling elec- 
tricity for power purposes and for sign 
work, and the pushing of its sale for 
cooking and heating purposes is now 
just beginning to be vigorously under- 
taken. The extension of the uses of 
electricity in these directions is bound 
to cause a reduction in its cost by the 
improvement in load-factor, and in 
tum this reduction of cost will permit 
lower prices with a resultant still fur- 
ther increase in its use. This again will 
be followed by improved load-factor 
and lower cost, or in other words, in- 


"new business " depart- 
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creased use and reduced cost will so 
act and react upon each other that a 
great extension of the demand for elec- 
tricity will result. 

One thing which should help to 
bring this result quickly will be the 
further introduction of new lamps of 
high efficiency such as the tantalum 
and metalized filament lamps already 
with us, and the even more efficient 
tungsten, helion, and other lamps which 
seem likely to come at a day not very 
far distant. The great reduction in the 
cost of electric lighting which will re- 
sult from the use of these lamps will 
enable the community to spend more 
for electricity for other purposes, which 
wil be followed by improved load- 
factor and consequently lower cost 
per kilowatt-hour. 

For any particular electric light and 
power company, however, the reduc- 
tion in the cost of a kilowatt-hour due 
to improved load-factor can be de- 
layed or hastened accordingly as the 
company adopts a system of rates of 
charging for its product which does or 
does not tend to encourage desirable 
business, viz., business which, when 
obtained, will help to improve the 
load-factor. 

This fact is also well recognized to- 
day by the majority of central station 
managers, but it is only within the last 
six Or seven years, nevertheless, that 
its recognition has become at all gen- 
eral. At the present time an examina- 
tion into the rates of electric light and 
power companies in this country will 
show that nearly all those in the larger 
cities, and a great many in thesmaller 
ones, have adopted a system of rates de- 
signed to give the lowest rate per kilo- 
watt-hour to those customers who help 
most toward the improvement of the 
load-factor of the station and the 
highest rate to those who help the least 
in that direction. Toward the accom- 
plishment of this purpose, there have 
been two general and very distinct svs- 
tems of rate making employed. 

The first of these systems might be 
called the load-factor system, which 


34 PROCEEDINGS OF А. I. E. E. 


system appears in various forms of 
which the fundamental principle of all 
is that the rate per kilowatt-hour to 
the customer depends on his individual 
load-factor; that is, on the ratio of 
his average load to the maximum load 
which he throws upon the station. 

The second of the above-mentioned 
systems is known as the “ two-rate ” 
system* and the principle of it is to 
charge the customer a high rate per 
kilowatt-hour for electricity consumed 
during the hours of the day when the 
station is heavily loaded, viz., during 
*" peak" hours, and to charge a low 
rate for the consumption during the 
hours of light load. 

It is evident that either of these sys- 
tems of rates will have a beneficial 
effect on the load-factor of the sta- 
tion, the two-rate system by di- 
rectly encouraging the use of electricity 
at all times outside the peak hours 
and by relatively discouraging its con- 
sumption during the peak hours; and 
the load-factor system by  encour- 
aging the use of electricity during long 
periods of time each day, or in other 
words, by directly encouraging what 
are often spoken of as the '' long-hour "' 
consumers and by relatively discour- 
aging the '' short-hour " consumers. 

Of these two systems of rates the 
load-factor system is the one which 
has survived the test of experience and 
it has been adopted in some form bv 
almost all the prominent companies in 
the country. The two-rate system, 
in this country, at least, is nearly ob- 
solete, and is, I am inclined to believe, 
made use of by a few companies only, 
and bv them merely to take care of a 
few special customers. I will not, there- 
fore, stop to discuss this system but 
will pass at once to the load-factor 
system, the discussion. of which will 
constitute the remainder of this paper. 

The simplest form of load-factor 
system is one under which each cus- 
tomer is charged a uniform rate per 

*There is a form of load-factor system 
sometimes called the "'two-rate © which must 


not be confus.d with above, and will be referred 
to later. 
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kilowatt-hour for electricity consumed. 
and in addition is charged per month, 
Or per year, a certain amount per unit 
of his maximum demand, by which last 
term is meant the maximum load which 
he throws upon the station during the 
period in question. With a system of 
charge of this nature the average price 
to the customer of a kilowatt-hour will 
depend wholly on his individual load- 
factor. 

For example, let us suppose that the 
rates are $3.00 per month for each kilo- 
watt of maximum demand and 5 cents 
for each kilowatt-hour of consumption. 
If the customer's load-factor is 
100%, it is equivalent to saying that 
his maximum demand is maintained 
continuously throughout the month, or 
for 730 hours, and in such cases the 
average cost of a kilowatt-hour will be 
found to be 5.4 cents. On the other 
hand, if the customer's load-factor 
is only 50%, his total consumption is 
equivalent to the use of his maximum 
demand for only $ of 730, or 365 hours. 
and the charge of $3.00 per kilowatt of 
demand becomes a larger proportion 
of the total, resulting in a higher rate 
per kilowatt-hour, viz., 5.8 cents. With 
a 10% load-factor the $3.00 charge 
per kilowatt of demand becomes nearly 
50% of the total charge and the rate 
per kilowatt-hour rises to 9.1 cents: 
and with still further lowering of the 
load-factor the rate per kilowatt- 
hour rises very rapidly and approaches 
infinity as һе  load-factor ap- 
proaches zero. This is shown graphic- 
ally in the diagram, in which the curve 
shows the variation of the average 
price of a kilowatt-hour with variation 
in the load-factor or with the num- 
ber of hours use of the maximum de- 
mand, which is the same thing. 

Now а simple load-factor system 
of the form described above is nothing 
more nor less than a combination of 
the two oldest methods of charging for 
electricity, namely the so-called cor- 
tract or flat-rate method and tke 
“uniform meter rate '" method. 

The contract or flat-rate method 
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consists in charging the customer 
a certain amount per month or 


per vear determined by the current 
carrying capacity of his apparatus con- 
nected to the company’s mains, that 
is, by his " connected load ” as it is 
technically called; and since the con- 
nected load is evidently the maximum 
demand possible. a charge on it is 
analogous to the charge on maximum 
demand made with the simple load- 
factor system described above. In 
fact, a number of companies operating 
load-factor systems at the present 
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when combined, form a load-factor 
system, as already stated, and have a 
desirable effect on the business; but 
either one alone has an undesirable 
effect. The contract method is the 
older and was used practically alto- 
gether in the early days of central sta- 
tion supply of electricity when there 
were no meters available. Its great 
defect is that there is no inducement 
to the customer to cut out apparatus, 
the use of which is not needed, with 
the result that there is great waste of 
current which, of course, keeps up the 


time make the maximum demand 
charge on the connected load instead 
of on the actual maximum demand. 
The advisability or inadvisability of 
this practice will be discussed later. 

The  uniforn-meter rate method 
consists in charging for actual con- 
sumption of electricity only, and at a 
uniform rate per kilowatt-hour to every 
customer, and this charge is evidently 
the same as the charge per kilowatt- 
hour with the load-factor system 
already described. 

These two old methods of charging, 
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cost. In consequence of this defect 
the contract method of charging 
began to be replaced by the meter- 
rate method as soon as reasonably 
cheap and accurate meters began to 
come on the market. The contract 
method has now almost disappeared. 
It did not take very long, however, 
after the introduction of the uniform 
meter rate method for it to become 
apparent that it was also very unsatis- 
factory. It gives the same rate per 
kilowatt-hour to the short-hour con- 
sumers, or those with low load-fac- 
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tors, as it does to the long-hour con- 
sumers, or those with high load-fac- 


tors, thereby unduly encouraging the | 


use of electricity by the former class 
and discouraging or actually prohib- 
iting the use of it by the latter class, 
and consequently it has a very unde- 
sirable effect on the load-factor of 
the station. 

The first attempt to improve upon 
the uniform-meter rate method of 
charging was to dropthe uniform feature 
of it and to offer lower rates per kilo- 
watt-hour in proportion to the quan- 
tity of electricity consumed, usually in 
the form of discounts depending on the 
size of the monthly bill. This was a 
step forward, for the reason that a large 
consumer is likely to be a long-hour 
consumer and consequently helps to 
give a good load-factor to the sta- 
tion. The fact, however, that the 
above, although very often true, is 
nevertheless not always so, is the very 
reason why a system of discounts for 
quantity is not satisfactory. It often 
happens that under it some large con- 
sumer is taken at a low rate per kilo- 
watt-hour when the effect that he has 
on the operation of the station is to 
drive up the station peak, necessitating 
expenditure for additional machinery, 
or at least bringing nearer the day when 
the natural growth will necessitate such 
expenditure, and at the same time he 
does not increase the output of the 
station proportionately. Such a cus- 
tomer may actually increase the aver- 
age cost of producing a kilowatt-hour. 

At the present time the weight of 
opinion is strongly in favor of a load- 
factor system of charging; that is, I 
will repeat, a system combining a max- 
imum demand and consumption charge; 
but generally in practice subject to 
certain modifications, both in substance 
and in form. These modifications are 
usually necessary and desirable, but 
they certainly add to the complexity 
of the subject. 

The first modification is the addition 
of the wholesale discount, that is, a 
discount on bills over a certain size. 
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This discount is justifiable and desirable 
when combined with a load-factor 
system, as there is no doubt that a 
large consumer can be supplied at a 
less cost per kilowatt-hour than a small 
consumer, and its addition to the load- 
factor system extends the range of 
the latter, making it possible to meet 
the competition of isolated plants by 
giving very low rates per kilowatt-hour 
to large long-hour consumers while at 
the same time the possibility of the 
large short-hour consumers also getting 
a very low rate per kilowatt-hour is 
avoided. 

When wholesale discounts are given, 
they should be so designed that there 
will not be, under any circumstance, an 
inducement to the customer to waste 
current in order to secure the discount. 
For example, if a 10% discount is 
offered when the bill reaches $100, it 
means a net bill of $90; whereas if the 
bill had been only $99, there would be 
no discount. In the latter case, if the 
customer deliberately wasted current so 
as to add $1.00 to his bill, he would 
save himself $9.00. This difficulty can 
easily be avoided by making the dis- 
count apply, not to the whole bill, but 
only to the excess bevond the point 
where the discount is earned. For ex- 
ample, when the bill exceeds $100, a 
discount of 5095 can be given on the 
excess onlv. With this method of dis- 
counting it wil never pay to waste 
current. 

Another modification of the load- 
factor system 15 the making of a 
"service" charge in addition to the 
charges on maximum demand and on 
consumption. То explain this charge, 
however, it will be necessary to go a 
little further into the theory of the 
load-factor system itself. 

With the load factor system, as 
before stated, there are two charges, 
one on the maximum demand of the 
customer, the other on his consumption; 
and the assumption is that the bulk 
of the expenses incurred to supply 
each customer is proportional to 
these two quantities. This assump- 
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tion is correct, the expenses pro- 
portional to the maximum demand 
and the consumption of the customer 
being from 60 to 80% of the total, but 
the remaining 20 to 40% nevertheless 
are not proportional in any way tothe 
maximum demand and consumption 
of the customer. If, therefore, a 
strict load-factor system of charg- 
ing 1s to be maintained, these expenses 
must be charged on the maximum 
demand, or on the consumption, or be 
divided between them in whatever 
way may Seem expedient. If, however, 
we can find that the whole or a part of 
these expenses proportional neither 
to maximum demand nor to consump- 
tion are nevertheless proportional to 
some other quantities, then these 
other quantities can be with ad- 
vantage madethe bases of other charges, 
provided this does not cause too great 
complication or for other reasons is 
not practical. Now there are certain 
expenses which are the result merely 
of the fact that a customer has been 
connected to the company's mains, 
and these expenses are the same 
whether his maximum demand is high 
or low, his consumption great or 
small, or his load-factor good or 
bad. Such expenses are for clerical 
work in making out the bills and 
keeping the customer's account; for 
meter reading and for maintenance of 
service connection, and some com- 
panies have undertaken to make a 
direct charge to cover these, calling it a 
"service" or ''customer's" charge. 

One well known engineer managing 
several electric light companies has 
adopted for them а  load-factor 
system of rates modified bv a service 
charge of which the statement is as 
follows: 

Maximum demand charge, 
per kilowatt per month. 

Consumption charge, $0.05 per kilo- 
watt-hour. 

Service charge, $1.00 per month. 

Most companies, however, prefer to 
take care of these service expenses 
by charging them on the maximum 
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demand and the consumption, and by 
establishing a minimum bill, usuallv a 
dollar or two a month. 

We now come to the third, the last 
and the most important modification 
of the load-factor system, viz, 
the fixing of a maximum rate per 
kilowatt-hour. We see from the curve 
in Fig. 1 that as the load-factor 
of the customer falls off, the rate per 
kilowatt-hour rises, and approaches 
infinity as the  load-factor ap- 
proaches zero. There are, however, 
practically no companies using load- 
factor systems which charge the very 
short-hour consumers strictly on the 
basis of  load-factor, but instead 
they fix upon a certain maximum rate 
per kilowatt-hour corresponding to a 
certain load-factor апа give this 
rate to all customers with this load- 
factor or with less. In other words, 
when the curve reaches this maximum 
rate it is continued horizontally in- 
stead of rising in accordance with 
load-factor. In the diagram for 
example, the curve is shown by dashes 
as flattened at a rate of fifteen cents. 

Before giving the reasons why it 
has become the practice to fix a maxi- 
mum rate per kilowatt-hour with a 
load-factor system, instead of 
permitting the rate to vary strictly 
with the  load-factor to all cus- 
tomers, it will be best to describe 
at this point another manner of ex- 
pressing a  load-factor system in 
which the fixing of a maximum rate is 
included. This is as follows: 

The customer is charged a certain 
rate per kilowatt-hour, known as the 
'" primary " rate, for a consumption of 
electricity equivalent to the use of his 
maximum demand for a certain number 
of hours per day or month, but should 
his consumption of current be greater 
than the above-mentioned amount, 
he is charged for all the excess at a 
lower ‘‘ secondary " rate. For example, 
the rates might be as follows: 15 cents 
per kilowatt-hour, as the = primary 
rate, to be charged on a consumption 
equivalent to the use of the maximum 
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demand for 30 hours per month, and 
for all consumption in excess a rate of 
5 cents per kilowatt-hour to be charged. 
These rates wil be found to give a 
rate curve identical with the full curve 
in the diagram, except that it will not 
rise above 15 cents but will follow the 
horizontal line. It is, therefore, dis- 
tinctly a load factor system except 
that a maximum rate per kilowatt-hour 
is fixed. This system is very widely 
used and in fact is the form of load 
factor system employed in a great 
majority of cases. It is sometimes 
spoken of as the two-rate system. 
but should not be confused with the 
two-rate system already described. 
and I shall therefore call it Wright's 
system after the name of its originator. 

As already stated, Wright’s load 
factor svstem includes the fixing of a 
maximum rate per kilowatt-hour, but 
with the simple load factor system. 
consisting of a charge on maximum 
demand combined with a charge on 
consumption, it is also usual to fix a 
maximum rate per kilowatt-hour either 
by a provision that the customer's 
bill shall not exceed ten, fifteen, or 
twenty cents.or whatevermaximum rate 
per kilowatt-hour has been decided 
upon, or by offering the customer as 
an alternative to the rate as determined 
by load factor, a uniform rate per 
kilowatt-hour equal to the maximum. 

Attention should here be called to the 
point that this fixing of a maximum 
rate per kilowatt-hour generally means 
that as far as the rate is affected bv 
load factor the maximum shall not 
be exceeded, but does not mean that 
it may not rise above the maximum as 
the result of a service charge such as 
alreadv described, either made direct 
or in the form of a minimum ЫП. 
For example. if a minimum bill of 
$1.00 per month is charged, and it 
happens no current is taken, then of 
course the rate per kilowatt-hour is 
clearly infinite. 

There are a number of reasons for 
fixing a maximum rate per kilowatt- 
hour. In the first place, it is often a 
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case of necessity, the maximum rate per 
kilowatt-hour being fixed by law, 
whether wisely or unwisely. Again 
the maximum rate having been fixed 
in some cases by the company itself 
prior to the adoption of а load 
factor system, it has been thought 
unwise to go above it, on account of 
the possibly bad effect on the feeling 
of the community, even though it 
might be thought that bv not so doing 
some of the short-hour customers 


would be paying less than they ought 


to. It would certainly seem, if the rate 
curve shown in the diagram, for 
example. is properly based on the 
maximum demand and on the consump- 
tion, that the total charge to any 
customer would be at least approxi- 
mately proportional to the cost of 
supplying him and that therefore if 
a maximum rate per kilowatt-hour is 
fixed, some of the short-hourcustomers 
will be taken at less than cost. If the 
following considerations, however, are 
taken into account, it will be realized 
that the rate per kilowatt-hour of the 
very short-hour consumers should not 
depend whollv on their load factor 
but really ought to be less than the 
curve would indicate. 

The load-factor system has often 
been criticised for the reason that 
although it helps to improve the 
load-factor of the station by en- 
couraging customers with high load- 
factors it fails to encourage those 
customers whose load factors are 
low but who nevertheless help the 
load factor of the station because 
they take their current at other than 
peak hours. This critiscism of 
the load factor system is a fair one, 
but by the introduction of a maximum 
rate per kilowatt-hour it 15 largely 
avoided since this modification of the 
load factor system gives a reduced 
rate to that class of customers least 
hkelv to take current during the 
peak hours, viz, the  short-hour 
consumers. It must be clear that if 
a large body of customers use their 
maximum demands but an hour or 
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two a day, there is strong probabilitv 
that their joint demands at the time 
of the station peak wil be but a 
small fraction of their joint maximum 
demands. It follows that the short- 
hour consumers, as a class, are less 
likely to add to the station peak 
than the long hour consumers, and 
there is reason, therefore, for charging 
them less per unitof maximum demand. 
It is a dithcult problem in the theory 
of probabilities to calculate what 
reduction the short-hour consumer 
should get, but it should certainly be a 
reduction increasing slowly at first 
with reduction in the number of hours 
use of the maximum, but finallv 
increasing rapidly when the time of 
use is as short as one or two hours per 
day. Such a reduction in the rate per 
unit of maximum demand to short-hour 
consumers results, of course, in the 
average rate per kilowatt-hour being 
somewhat lower than that determined 
by load-factor alone, and the rate 
curve, instead of being like the full 
curve in the diagram, will follow the 
dotted line. It will be seen that the 
full curve can be made to very closely 
resemble the dotted curve if a proper 
maximum rate per kilowatt-hour 15 
chosen. 

Just where to fix the maximum rate 
cannot be accurately figured out, 
and its determination, therefore, is 
generally a matter of judgment. 
Sometimes it is fixed by law or bv 
custom, as already stated, and some- 
times it is placed lowerthaneitherlaw, or 
custom or economic desirability would 
require, merely becausea low maximum 
rate tends toward simplicity since it 
allows a large proportion of the 
customers to be taken at a simple 
uniform rate per kilowatt-hour, and 
also because of its effect on public 
opinion. It is the maximum rate per 
kilowatt-hour which the public sees; 
and a high one, even if economically 
desirable and just, is likely to stir up 
trouble. 

I have now described the load- 
factor system with those modifica- 
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tions Which I believe represent the 
best practice to-day. I should like 
very much now to take up and describe 
some of the  load-factor systems 
actually in use in order to show their 
fundamental similarity even when 
superficially appearing very different 
but time will not permit, and I must 
pass on, therefore. to the conclusion of 
this paper, namelv the methods of 
determining the customer's maximum 
demand and consumption. 

The latter can be disposed of in a 
few words. The unit of consumption 
now generally used is the watt-hour 
or its multiple the kilowatt-hour, and 
it has almost entirely superseded the 
ampere-hour. The method of determin- 
ing the consumption is by direct 
measurement with a watt-hour meter. 

What should constitute the maximum 
demand of a customer and how it 
should be determined, however, are 
questions which cannot be answered in 
a few words. There are great differences 
of opinion and practice in regard to 
them. 

It is the practice of some companies 
to assume, as I have already stated, 
that the customer's maximum demand 
is the maximum demand possible, 
which is, of course, the connected 
load. This assumption, however, is in a 
majority of cases incorrect, and when 
incorrect is undesirable, as it is the 
actual maximum load thrown upon the 
station bv the customer which affects 
the station output and load-factor; 
and the number of lights, motors or 
other apparatus connected, if thev are 
never in use simultaneously, is of little 
consequence. Furthermore, the use of 
the connected load as the basis of 
charge discourages the extensive use of 
electricitv. If a customer is to be 
charged for every additional piece of 
apparatus connected, he will be in- 
clined to connect as few as possible and 
may even use electricity in certain 
parts only of his premises and in 
other parts use other means of obtain- 
ing light and power. In the case ot 
motors, the customer will be likely to 
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install them as smal] as he thinks he 
can possibly get along with, the 
result perhaps being overloading with 
consequently poor service and dis- 
satisfaction. 

It is safe to say, however, that 
there are but a very few companies 
in the United States to-day which 
make use of the full connected load as 
a basis of charge. There are a number 
that appear to do so, if we judge by 
their printed forms of contract with 
customers, but if investigation is 
made, it will be found in almost every 
case that the word '' lights," installa- 
tion," or “ h.p.” occurring in the 
contract form is not taken to mean 
'" all the lights," the '' total installa- 
tion," or ‘‘ rated horse-power,’’ but is 
really the customer’s maximum de- 
mand either estimated, or measured by 
an instrument. 

The estimated demand is used as 
the basis of charge by many of the 
companies which appear to be using 
the connected load, and there are other 
companies which clearly make the 
estimated demand the basis of charge 
even in their printed contracts. The 
principal objection to the practice is, 
of course, that the estimate is liable 
to be inaccurate. In the smaller 
companies a separate estimate can be 
made for each customer, but in the 
larger companies it is hardly practical 
to do this, and it 15, therefore, usual to 
assume the average maximum demand 
for each class of customers; as, a certain 
percentage of the connected load, as for 
example, 40% for residence lighting, 
75% for store lighting, and so on. 
When such estimates are made with 
care by actual measurements in num- 
erous cases they may be considered to 
be fairly accurate, at least at the time 
they are made, but in all probability 
the average maximum demands of the 
different classes willnot remain constant 
and the estimates, therefore, will 
cease to be of value. Further, even 
if the estimated average maximum 
demands have a high degree of accuracy 
it must be remembered that after all 
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they are merely averages and it 1s 
quite possible that the maximum 
demand of any particular individual 
may be considerably higher or con- 
siderably lower than the average of his 
class, and consequently his rate will be 
either too high or too low. 

There are other objections to the use 
of the estimated demand which are 
practically the same as for the con- 
nected load basis, since the estimate 
must be based on the connected load. 
At the beginning of a contract with a 
customer it is of course practicable to 
determine the connected load by 
inspection. The number of outlets can 
be counted. the candle-power of the 
lamps or the capacity of other appar- 
atus connected to each outlet can be 
noted, and in this way the connected 
load ascertained but atter the con- 
nected load is once ascertained it 
becomes necessary to require the 
customer to agree to make no change 
in his installation without notifying 
the company. Such a requirement is 
objectionable, inasmuch as it seriously 
impairs one of the great advantages of 
electricity, viz., its flexibility of use. 
The customer cannot change the candle 
power of his lamps, substitute a fan or 
heating device in place of a lamp, nor 
connect apparatus to an outlet nor 
in use before without consulting the 
company. Furthermore, in spite of 
agreements to the contrary, a customer 
either wilfully or through ignorance 
of his agreement will often make 
changes without notifying the company 
and the latter has no means of knowing 
when this is done unless frequent 
inspections of the customer's premises 
are made. Such inspections are an 
intrusion on the privacy of a customer 
and are sure to be an annoyance to 
him. Also, if they are made frequently 
enough to be of any use, they become 
a heavy expense to the company. 

Measuring the customer's demand 
with an instrument is a practice 
which has numerous advantages, the 
first and most evident of which is 
that the demand can be obtained 
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with accuracy. Further, a customer 
can freely make changes in his appara- 
tus installed without stopping to 
notify the company as his demand will 
be recorded on the instrument. For 
the same reason no inspections of the 
customer's premises are necessary other 
than the ordinary ones to see if the 
installation is safe and that no 
connections are made back of the 
measuring apparatus. The maximum 
demand indicator also acts as a 
guide in determining the proper size 
of watt-hour meter, andifthis informa- 
tion leads to the use of smaller watt- 
hour meters there may bea considerable 
reduction made in the loss due to their 
slow running or stopping when operat- 
ing on light load. Another advantage of 
the measured demand is that the 
customer need not hesitate to connect 
as much apparatus as he wishes. The 
demand indicator will show only the 
power supplied to such apparatus as 
may be simultaneously in actual use. 

The disadvantage of the measured 
demand is, of course, the necessity of 
using an instrument. This means, in 
the first place, the expense of pur- 
chasing and installing and afterwards 
expense of maintaining reading and 
resetting. А150 additional resistance 
is introduced into the line, absorbing 
energy and injuring regulation. Still 
these arguments could also be urged 
against the use of a watthour meter, 
and they are not valid if in the actual 
instruments used these objections are 
reduced to a minimum, which is the 
case. Demand indicators with capacity 
up to 25 amperes can now be purchased 
for close to $6.00 and even large 
instruments of several thousand am- 
peres capacity cost only about $30 
or $40. In addition they are simple 
to install, cost very little for mainten- 
ance and absorb but a trifle of energy. 

If the customer's maximum demand 
is to be measured, however, the ques- 
tion will arise as to just what shall 
constitute this maximum demand, and 
this question 1s a difficult one and one 
about which there is the greatest 
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difference of opinion. Perhaps the 
best way to consider the question is as 
follows: 

The maximum demand charge may 
be looked upon as in the nature of a 
rental charge for the electric power 
held ready to furnish the customer 
at any moment he may call for it by 
the turn of aswitch. The power may be 
rented by the year, the month, the 
week or the day, as the case may be, 
the rate for the longest period being of 
course the lowest. The case of a room 
in a hotel for which you pay $2.00 per 
day, but only $10.00 per week is 
analogous. 

The customer then, who rents power 
by the year gets it at the lowest rate, 
and the amount of power to be paid 
for is the maximum demand during 
the course of the year, shown by the 
highest reading of the demand indicator. 
It is clear, however, that if a customer 
is not going to use his annual maximum 
demand very frequently, it will not 
pay him to rent power by the year, 
any more than it would pay him to 
takea hotel room fora year unless he were 
going to use it regularly. In such a 
case it would be better to rent power 
by the month, the amount to be paid 
for being taken as the maximum 
demand for the month, as shown by 
the monthly reading of an indicator. 
Still again the customer’s demand 
for power may vary so greatly from 
day to day that he really cannot afford 
to rent power by the month, but should 
instead rent it by the day, the daily 
readings of the maximum demand 
indicator being taken as the basis of 
charge. 

If the question is looked at in the 
above light, I think that the opinion 
of those who claim the indicator 
should be read annually can be re- 
conciled with the opinion of those 
who claim it should be read monthly 
or with the opinion of those who 
claim neither method is satisfactory 
on account of the variation in de- 
mand from day to day. There seems 
to be no reason why power should not 
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be offered both by the vear and bv the 
month, or even by the dav. There is 
one large company at least which 
seems to consider this in its rates and 
offers a yearly lighting contract in 
which the charge on maximum de- 
mand is based on the annual reading 
of a Wright Demand Indicator, while 
for those customers who take current 
only from month te month the maxi- 
mum demand is taken as the monthly 
reading of the indicator. 

There is one point which must be 
mentioned in connection with the 
measured demand when taken as the 
highest reading of a maximum demand 
indicator for the year, which point is, 
that until the readings can be taken 
the demand must be estimated. This, 
however, is only necessary in the case 
of new customers and is not a serious 
matter in any case as the estimate only 
has to be used but a few months as a 
rule and in no case for more than a 
year. With old customers whose 
demand has been fixed in the year 
just passed, this demand can be 
continued in force until the new 
measurements are obtained 

Some companies combine the mea- 
sured demand with the estimated 
demand, using demand indicators to 
check doubtful estimates, or as a 
means of detecting an unwarranted 
extension of connected load. With this 
method the indicator is not necessarilv 
permanently installed, but may be 
moved about from one customer to 
another. 

Still another practice is to determine 
the maximum demand by agreement 
with the customer and then to make 
it impossible for him to exceed this 
demand. As it would not be expedient 
to use any means of limiting the 
customer's demand, which would ac- 
tually cut off his service, such as 
circuit breakers or fuses, the limiting 
is usually done, if practicable, by 
means of a device which will cause his 
lights to flicker the moment the 
agreed upon demand is exceeded and 
will allow service to be restored when 
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excess is cut out. This practice, as 
compared with the measured demand. 
has the advantage of positively de- 
termining the demand in advance, and 
it avoids the indicator readings nec- 
essary with the measured demand. It 
has the disadvantage of causing irri- 
tation when a customer on an occasion 
wishes to exceed his demand and 
finds he cannot do so. The owner of a 
large residence would probably resent 
any interference with the use of such 
lights as he might at any time turn 
on and it would nevertheless be dift:cult 
to make him agree to a demand verv 
much higher than what һе usuallv 
expected to have. On the other hand. 
it may be said that many small 
customers would prefer to have their 
demand fixed and thus be prevented 
from inadvertentlv exceeding it, there- 
by raising their bills. It would seem, 
therefore, that a judicious use of both 
the measured demand and the limited 
demand methods of charging might 
be found advantageous. For example, 
the measured demand could be made 
the regular practice, but the option of 
the limited demand might be given. 
A flickering device, however, could not 
be used on power or arc light installa- 
tions, nor even on large installations of 
incandescent lamps.. 

In the foregoing discussion of the 
load-factor system of charging, I 
have considered its desirability from 
an economic standpoint, 4.e., I have 
tried to show that it tends to reduce 
cost just as reallv as does an improve- 
ment in the efficiency of generating 
or transforming apparatus. I want now 
to say a few words in regard to its 
justifiabilitv from the point of view of 
the public. The fact that the load- 
factor system tends to reduce cost 
is at once a justification in so far as 
the public ultimately benefits by the 
reduction, but it is nevertheless very 
likely to be criticised by the consumers 
and the public in general on the ground 
that different rates per kilowatt-hour 
to ditferent customers constitutes dis- 
crimination. This idea, is of course, 
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founded on а misconception, viz, 
that the cost of rendering service is 
proportional to the number of kilowatt- 
hours sold. There is, as a matter of 
fact, as I believe I have already 
shown, but a shght relation between 
the two. Every central station manager 
would say at once that it costs much 
less to furnish current to one lamp 
for ten hours a day, than to ten 
lamps for one hour in spite of the fact 
that the consumption of current in 
each case is the same; and, that 
generally speaking, it costs less per 
kilowatt-hour to furnish current to a 
long-hour consumer than to a short. 

This misconception of the public 
must, however, be reckoned with and 
should be met by a campaign of 
education, rather than by a policy 
of concealment. Neither is it any 
longer good policy to give special 
rates to individual customers even if 
these special rates are in themselves 
justifiable. То avoid special rates, 
however, it is necessary to develop 
some system which will cover every 
case and automatically give the proper 
rate per kilowatt-hour toeach customer. 
With a load factor system this 
can be done and there are actuallv a 
few companies to-day, Il believe, 
which have published rates taking 
care of all customers—great and 
small—long-burning and short-burning. 
If thev do not deviate from these 
published rates, they are in a strong 
position. to. defend themselves against 
charges of unjust discrimination, even 
though the result may be that the 
rate per kilowatt-hour to different 
customers may vary within wide limits. 


DISCUSSION 

R. S. Hare: Mr. Codman_ puts 
manv of the facts relating to the electric 
rate problem in a new and interesting 
light. Even if some of his paper is old, 
it is interesting to the profession and 
instructive to the public. The load- 
factor and other systems of charging 
for electrical energy are based on 
exactly the same principles that are 
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used in practically every other business; 
but because the electricity supply 
business is comparatively new, the public 
is apt to feel that these various systems 
are unfairly and unwisely complicated. 
For instance, I was recently talking 
on this subject with a lawver who had 
been concerned in some hearings on 
rates before a legislative committee. 
He spoke of the Wright demand system, 
Whereby a high price is charged for a 
certain number of units and a low 
price for the balance, as being some- 
thing most unusual. I then asked him 
how he paid for the stenographic 
reports of the proceedings. He said, 
‘The price is 15 cents per hundred 
words for the first copy and 5 cents per 
hundred words for additional copies.” 
That is, he was paving for his copies of 
the proceedings on exactly the same 
svstem as that used in the electricity 
supply business. 

It is said that under these different 
systems one man may pay 24 cents 
a unit for his current and another man 
may pav 15 cents; this ratio of 6 to 1 
is said to be most unusual and unfair. 
The same man will send a pound of 
circulars to San Francisco paying at 
the third-class rate. or at the rate of 
eight three-thousandths of a cent per 
pound per mile, while he mails a letter 
to Cambridge or South Boston for 2 
cents, or at the rate of 32 cents per 
pound per mile; the ratio here instead 
of being 6 to 1 is something like 10,000 
to 1. 

Not only must the various conditions 
that Mr. Codman speaks of in his paper 
be considered, but there are numerous 
others that have to be considered in 
order to make a fair price. Most 
companies supply a fairly uniform 
district, but there is no question that 
it costs verv much less to supply the 
same quantity of electricity delivered 
at one point than it costs to supply the 
Same quantity delivered at many scat- 
tered points. In some cases this can be 
taken care of by a wholesale discount, 
but it is obvious that the wholesale 
discount does not alwavs take care of 
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the situation. The Massachusetts gas 
commission have in their decisions 
recognized the principles that a company 
supplying scattered districts should 
charge more per unit than a company 
supplying a densely populated district. 
If now the same company should supply 
both districts, this would make no 
change in the physical or financial 
conditions that would warrant charging 
a uniform price, unless perhaps the 
saving by consolidation had been 
sufficient so that the lower price could 
be adopted as the uniform one over 
both districts; but this would hardly 
be fair, as it would result in giving the 
whole advantage of the consolidation 
to the district with a scattered popula- 
tion. 

Another feature of service that warrants 
a differential price is the question of 
qualitv of service in the broadest 
sense. The particular item of which I 
am now thinking is the question of 
overhead апа underground supply. 
The cost of underground supplv is of 
course very much greater than of 
overhead supply, but if the under- 
ground supply is in a densely popu- 
lated district and the overhead supply 
in а scattered district, these two 
differences may balance so that the 
total cost is the same. Now, however, 
suppose that a scattered district in- 
sists on an underground supply. This 
of course at once runs up the cost very 
much, and it is only fair that this 
district should pay for it rather than 
that the whole population served 
should pav for it. 

It has been suggested, and the plan 
has been put in operation in one of the 
English municipal plants, that instead 
of making the whole charge proportional 
to the current, there should be a charge 
proportional to the valuation of the 
property supplied, plus a small charge 
for current. Such a system might 
work out very satisfactorily, since it is 
usually the districts where the valua- 
tions are high and the houses are of 
good quality that underground supply 
is insisted upon. Even without the 
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question of underground or overhead, 
supply, there is a very distinct differ- 
ence in the cost of installation in dis- 
tricts of different valuations. А rich 
district where the houses are expensive 
and handsome insists upon much more 
sightly poles and neater and more 
expensive construction than does a 
poor district. 

While the maximum demand and the 
load-factor and the total supply are 
usually the chief items in determining 
the cost, vet sometimes it is a short cut 
to classify customers according to the 
nature of their business rather than 
according to some electrical quantity. 
For instance, in the telephone business 
thev very early realizedthat a frequently 
used telephone costs much more than 
one used infrequently. It also is true 
that a residence telephone is both used 
and called up much less frequently 
than a business telephone. It was 
therefore entirely reasonable to make 
a difference in price between residence 
and business service. 

In like manner the municipal water 
plants and the water companies usually 
make a ditference in price according as 
to whether the water is to be used in a 
residence or in a factory, although the 
same water is supplied in both cases. 

The most essential thing in all these 


questions of rates is that whatever 
differentials and double rates and 
classifications are made that there 


should be no unfair discriminations. The 
Government charges one rate for first- 
class mail, another rate for second- 
class mail, another rate for third-class, 
another rate for registering, another 
rate for special delivery, and so on; 
but no matter who you are, you get the 
same service for the same price under 
all circumstances. In the same way 
the railroads carry passengers for 20 
cents a ton-mile, industrial product for 
5 or 6 cents a ton-mile, and down as low 
as a quarter of a cent a tor-mile; but 
everybody ought to pay the same price 
in each case. There should be no unfair 
discrimination. 

Electric light companies must realize 
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that they are public service corporations 
and that they must charge the same 
price to everybody for the same service. 
This result cannot be obtained by any 
simple system of rates except at a great 
cost to the public. If, for instance, the 
Government should adopt the principle 
that it must charge the same price per 
ounce per mile for all service, the result 
would obviously be bad for the public. 
If the railroad companies should charge 
the same price per ton-mile for all 
service the result would obviously 
be bad for the public. If the electric 
light companies had to charge the same 
price per kilowatt-hour the result 
would likewise be bad for the public. 

If the same company is going to 
supply different classes of service, it 
must have differential rates to differen- 
tiate between these services just 
as the Government has differential 
rates for the postal service, just as 
municipal water works have differential 
rates for the supply of water, just as the 
railroads have differential rates for all 
their business. Youcan find no business 
whatsoever that has a simple uniform 
rate, unless it be a business that supplies 
only a single article in a single quantity. 
The electric companies must face the 
situation that they must have differ- 
ential rates, that these rates must be 
fair to all in proportion to the service 
rendered, and that in order to obtain 
these results all rates must be open 
and public and the same to all for the 
same service. ' 


First Atlantic Cable 

A very interesting storv by Mr. 
Mullaly, of the laying of the first tele- 
graph cable across the Atlantic Ocean 
appeared in the February ànd March 
issues of the Journal of the Franklin In- 
stitute of Philadelphia. The immense 
importance of this work, the expense 
involved, the difficulties encountered 
and overcome, and the graphic manner 
in which the incidents are. described, 
unite in making a delightful sketch in 
electrical engineering history. 
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Local Organizations 
ARMOUR INSTITUTE 

At the meeting of the Armour In- 
stitute Branch held on March 8, in the 
physics lecture room, Mr. Charles 
Jones, chief engineer of the Aurora, 
Elgin, and Chicago Electric Railway, 
gave a very interesting talk on '' Some 
Experiences in Electric Railway Build- 
ing." In his paper Mr. Jones pointed 
out many of the necessary qualifica- 
tions of the successful engineer. His 
paper was of exceptional interest and 
held for two hours the attention of the 
ninety members and visitors present. 

The subject of discussion at the 
April 5, meeting of this Branch was 
“ The Electric Motor versus the Steam 
Locomotive." Mr. M. V. Stagg gave a 
digest of the Institute paper by Messrs. 
Stillwell and Putnam. Mr. H. R. 
Badger discussed '' The Electrification 
of the West Shore Railway” his 
discussion being illustrated with lantern 
slides. | 

Mr. C. S. Henning discussed the 
subject of ‘ Multiple-Unit Control.” 
Mr. T. A. Banning spoke on the methods 
of placing jumpers on the third-rail 
at grade crossings, and Mr. J. E. 
Saunders added a short discusssion on 
the method of connecting the signal 
system to the track circuit in the base 
of the bonded rail for the return power 
circuit. 

A meeting of this Branch was held 
on April 19 at Armour Institute with 
an attendance of thirty. Vice-chairman 
Ned. M. Sturgess presided and J. С. 
Hail acted as temporary secretary. 
J. E. Saunders gave an original paper 
on ''Automatic Electric Signals," in 
which he pointed out the advantages of 
this system of railway signaling, and 
explained the functions of the various 
circuits of the system for both steam 
and electric roads. E. W. Adams '08 
added a discussion on the '' Train Staff 
System of Signaling. ” 


UNIVERSITY OF ARKANSAS 
A meeting of this Branch was held 
on March 27, at Fayetteville, Arkansas, 
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W. B. Stelzner presiding. Mr. M. F. 
Thompson presented an original paper, 
" Winter Tests on Meters;" and an 
original paper was presented by Mr. 
J. R. Belknap. Mr. Edwards read an 
Institute paper. 

Another meeting of this Branch was 
held April 3, with a total attendance 
of 50. Professor C. G. Carroll pre- 
sented a paper on the ''Arrhenin's 
Theory of Electric Dissociation," and 
Mr. O. E. Hicks read an Institute 
paper. Impromptu remarks were 
made by Professors Perdue, Marinoni, 
Morrow, and Brough. 

Another meeting of the Branch was 
held April 17, with a total attendance 
of 43. А verv interesting paper and 
Some experiments on magnetic fields 
and high potential and high frequencv 
was presented bv Professor Gladson. 


BALTIMORE 

At the meeting of this Branch held 
March 15, at Johns Hopkins University, 
with a total attndance of 43, Dr. J. B. 
Whitehead presiding, the proposed new 
Constitution was discussed. The chair- 
man strongly urged a full vote on the 
part of the Baltimore members. The 
chairman also reported on the work of 
the Committee on Increase of Member- 
ship. 

Mr. S. D. Black, of the Rowland 
Telegraphic Company, read a paper on 
' Individual Motor Drive for Machine 
Tools." The paper, after pointing out 
the various methods of speed variation, 
took up the shunt field control of the 
interpolar motor. The papet dealt 
particularly with the experience in the 
Rowland telegraphic shops. 

Another meeting of this Branch was 
held April 12, with 80 in attendance. 
The chairman called attention to the 
letter of Mr. Paul Spencer, chairman 
of the Committee on Local Organization, 
concerning the adoption of the proposed 
Constitution. The secretary was in- 
structed to send a notice to each 
member of the Branch, pointing out 
the desirabihty of voting on the ques- 
tion. 


[Apnl 


Mr. P. G. Burton, of the Washington 
Branch, read a paper on the “ Evolution 
of the Telephone Plant." This paper was 
an amplification of the one recentlv 
read in Washington, at which time an 
abstract appeared in the Proceedings. 
Mr. Burton's paper was received with 
much interest and upon its conclusion 
the Branch adopted a vote of thanks 
to the author. 


Воѕтом 

At the meeting of this Branch held 
March 20, there was a total attendance 
of 73. A paper was read by J. 5. Codman 
on " Rates of Charge for Electricity and 
their Effect on Cost.” 

[This paper and the discussion on it 
are printed in this issue of the Pro- 
CEEDINGS.] 

Another mecting of this Branch was 
held April 17, with a totalattendance 
vf 127. A paper entitled '* A Comparison 
of the Puyallup and Taylor's Falls 
Hydroelectric Systems ” was presented 


by J. Е. Vaughan, engineer with 
Stone and Webster, Boston. 
CHICAGO 


At a meeting of this Branch March 
26, a paper on “ High Voltage Alterna- 
ing-Current and Direct-Current Railway 
Svstems," was presented by W. J. 
Davis, Jr., railway engineer of General 
Electric Company, Schenectady, N. Y. 

[This paper and the discussion un it 
will be printed in the May, 1907, Pro- 
CEEDINGS.] 

The following list of meetings com- 
prises the programme for the rest of 
the season. 

Friday. April 26, 1907. ‘ Electric 
Transmission Towers,” by D. К. Scholes, 
chief engineer, Aermotor Company, 
Chicago. 

On Friday, Мау 24, 1907. The American 
Institute of Electrical Engineers High- 
Tension Transmission Committee, will 
hold their meeting in Chicago, under 
the charge of Mr. Ralph Mershon. of 
New York, chairman of the committee. 

Tuesday, June 11, 1907. "The 
Application. of Large Gas Engines to 
Electrical. Units," by E. T. Adams, 
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general manager раѕ-епріпе depart- 
ment, Allis-Chalmers Company, Mil- 
waukee. 


UNIVERSITY OF COLORADO 


At the meeting of this Branch held 
last month, Mr. Jenkins, instructor 
in electncal engineering presented a 
paper on *' Practical Hints to Electrical 
Engineers," and Mr. N. F. Hanley a 
paper giving instructions as to note 
taking and what might be expected to 
be seen on the inspection trip. 


CORNELL UNIVERSITY 


The regular meeting of the Cornell 
Universitv Branch was held on April 
16, 1907, in the main lecture room of 
Franklin Hall. Dr. Steinmetz’ paper on 
"Lightning Phenomena іп Electric 
Circuits ” was abstracted by Mr. J. C. 
Peebles, Professor Creighton’s paper 
on " New Principles in the Design of 
Lightning Arresters," by Mr. E. D. 
Payne, and the secretary gave the 
results of the paper by Messrs. Rush- 
more and Dubois on the " Multigap 
Lightning Arrester." АН the abstracts 
were prepared and delivered in ac- 
cordance with the suggestions of Pro- 
fessor Geo. Shaad in the February 
number of the Electric Journal. The 
advantages of a systematic method of 
abstracting papers were demonstrated. 
The meeting proved to be one of the 
most interesting of the year, and after 
the abstracts of the papers had been 
delivered a large number of local 
members took part in the discussion. 
Ninety members and visitors were 


present. Following the discussion a 
number remained for an informal 
smoker and further conversation re- 


garding technical matters. 


UNIVERSITY OP ILLINOIS 


A very interesting meeting of this 
Branch was held April 10, with an 
attendance of 26. The Branch was 
fortunate in having men to read and 
discuss the papers who have themselves 
made some study of the phenomena on 
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which the papers were written. The 
following papers were presented: 

" Alternating-Current Electrolysis,’ 
by J. L. R. Hayden; abstracted by W. 
W. Stifler of the physics department. 

* Electrolytic Corrosion of Iron and 
Steel in Concrete," by A. A. Knudson; 
abstracted by A. T. Lincoln of the 
electrochemical department. Also dis- 
cussed by Professor A. N. Talbot of the 
theoretical and applied mechanical de- 
partment. The two papers were dis- 
cussed together, and much interest 
manifested. The next regular meeting 
will be held May 1. At this meeting 
the officers for the ensuing year will be 
elected. 


LI 


Iowa ТАТЕ COLLEGE 

A meeting of this Branch was held on 
March 6, at which the advisability of 
drawing up a new constitution for the 
Branch was discussed. It was decided 
to leave the matter in the hands of a 
committee. 

The paper of the evening was given 
by Mr. M. О. Bolser on * Magnetic 
Hysteresis.” This paper involved some 
personal ideas on the theory of hysteresis 
on the part of Mr. Bolser. 

On March 14 the executive committee 
met for the purpose of drawing up a new 
constitution. It was decided to present 
the proposed constitution before the 
members of the Branch at the next 
meeting. 

On March 20 a meeting was held at 
which two original papers were pre- 
sented, one by Professor L. C. Hodson, 
on “ Electrolytic Processes '' and the 
other by Mr. G. E. Marsh, on “ Electric 
Furnaces.” Both papers were illustrated 
with lantern-slides. 

The proposed new constitution was 
presented before the Branch at this 
meeting to be acted on at the followiny 
meeting. 

MINNESOTA 

At a meeting of the Minnesota Branch 
in the offices of the St. Paul Gas Light 
Company, March 8, 1907, a committee 
of three members, Messrs. J. C. Vincent. 
C. L. Pillsburv, and Е. К. Cutcheon 
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was appointed to work with the 
Institute committee on increase of 
membership in the local territory. 

The membership of the Minnesota 
Branch has nearly doubled during the 
last eighteen months, and a healthful 
interest is shown in all the Institute 
work. 

The secretary announced the result 
of a postal and ballot on the best 
night forthe meetings of the Branch and 
the meeting ratified the selection of the 
second Monday after the New York 
meeting, in substitution for the first 
Friday. 

The subject for the meeting was 
“ Electric Power Transmission," J. C. 
Vincent presented a paper outlining a 
method of reducing operating costs in a 
steam plant for comparison with water 
power. A number of curves were 
shown, giving results to be expected in a 
modern station. E. H. Scofield in dis- 
cussing this paper showed that under 
the conditions of street railway load- 
factors and coal at ten cents per million 
B.t.u., water power operating in 
parallel with steam could be worth 0.6 
cents per kilowatt-hour on peak loads 
instead of 0.2 cents where the steam 
takes the peaks. He referred to this as 
an illustration of the possible value of a 
water power of small flowage but with 
storage capacity sufficient to retain all 
the water for use on peaks. 

F. R. Cutcheon followed with a 
paper dealing with the development 
of the Apple River, Wisconsin, which 
drains about 3000 sq. miles. He gave 
considerable data concerning this stream 
and the cost of its development. 

A meeting of the Minnesota Branch, 
April 1, 1907, was devoted to a dis- 
cussion of ‘ Railway Electrification.” 
Edw. P. Burch opened the subject with 
a review of the recent Institute paper 
by Messrs. Stillwell and Putnam. 

He emphasized the superiority of the 
electric motor over the steam locomo- 
tive by calling attention to some of the 
weaknesses of the latter; among these 
that at slow speeds, asin climbing grades 
and starting, the steam locomotive is in- 


(April 


herently unable to develop but a small 
portion of its full capacity and this at a 
time when a maximum output is highly 
desirable. In winter in northern 
climates, serious delays are caused by 
condensation and low evaporation; these 
materially reduce the available ca- 
pacity of the locomotive when obstruc- 
tion from snow demands additional 
power. On the other hand, the capacity 
of the transmission systems and of the 
motor is increased by cold. On branch 
lines the dead weight of trains can be 
greatly reduced, inasmuch as with 
electric locomotives, the tender often 
amounting to twenty per cent. of the 
train weight, would be dispensed with, 
while if the motors were mounted 
directly on the car trucks thirty to 
forty per cent. of the dead weight of the 
train would be removed. 

As an illustration of the damage 
done by unbalanced locomotive parts, 
the speaker stated that on a single 
division of the Great Northern Railway 
during the last winter forty-five broken 
rails had been attributed to this 
cause. 

Mr Burch favored 124 cycles as a 
standard for single-phase work. E. H. 
Scofield brought up the point that even 
though a standard frequency were not 
immediately adopted, equipment could 
be interchanged without great incon- 
venience, since the single-phase motor 
Can operate on various frequencies or 
on direct current with slight differences 
in efficiency and capacity. 

J. C. Vincent did not consider that 
the tests on coal consumption by loco- 
motives made at the St. Louis Exposi- 
tion and quoted by Mr. G. B. Henderson, 
could be regarded as comparable with 
actual service results, these tests being 
made in a closed building and under 
favorable conditions. 

An invitation was extended to the 
Branch, by Professor B. F. Groat to 
hold a meeting in the School of Mines 
building, University of Minnesota, on 
April 15. This invitation was unan- 
imously accepted. The program com- 
mittee announced that the subjects for 
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the meeting would be '' Electrolysis ” 
and “ Water Power." 

Another meeting of this Branch was 
held on April 15, at Minneapolis, pre- 
sided over by Mr. Barry Dibble, secre- 
tary, with a total attendance of 71. 
A paper entitled '" Water Power Devel- 
opments on the Pacific Coast," was 
presented by Professor B. G. Groat. 
The recent Institute papers on Electro- 
lysis were also discussed. 


UNivERsITY OF MISSOURI 

At the meeting of this Branch held 
March 15, with an attendance of 24, 
the Institute papers on “ Alternating- 
Current Electrolysis” and ‘ Electro- 
lytic Corrosion of Iron and Steel in 
Concrete,” were discussed. 

On April 5 this Branch held another 
meeting with an attendance of 17, and 
further discussed the Institute paper on 
“ Electrolytic Corrosion of Iron and 
Steel in Concrete;" also ‘t Some Theo- 
retical Notes on the Reduction of 
Earth Currents from Electric Railway 
Systems by Means of Negative Feeders,” 
by George I. Rhodes. 

At another meeting of this Branch, 
April 19, the paper by C. P. Steinmetz 
on '" Lightning Phenomena in Electric 
Circuits '" was discussed. 


PHILADELPHIA 

This Branch held a meeting March 11, 
at the Engineers’ Club, W. C. L. Eglin 
presiding, with a total attendance of 76. 
A letter from the chairman of the 
Committee on Local Organizations, re- 
ferring to the new proposed Constitution 
was read. The subject for the evening 
was '' Marine Applications for Electric- 
ity," and papers covering various 
phases of that subject were presented 
respectively by  Lieut-com. 5. S. 
Robinson, United States Navy; H. M. 
Gleason, Assistant Naval Constructor 
United States Navy; and J. W. Kellogg, 
of the General Electric Company. 

At the meeting of this Branch held 
April 8, with 78 in attendance, an 
address was delivered by C. W. Pike 
on the new proposed Constitution, after 
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which the following papers were pre- 
sented: 

" Demonstration of Strictly Constant 
Motion and .Frequency," by Dr. E. F. 
Northrup, discussed by Messrs. Snook, 
Thos. Spencer, Hering, and Breed. 

“The Telharmonium," by J. W. 
Kelly, Jr. Discussed by Messrs. Snook, 
Hering, Breed, Ehret, Northrup, Eglin, 
Thos. Spencer, Gravel. 


PITTSBURG 


At the meeting of this Branch held 
March 12, with an attendance of 36, the 
papers presented were, “A Simple 
Method of Ruling Parallel Lines at 
any Desired Distance Apart," by Mr. 
Н. W. Fisher; and ‘‘ Some Interesting 
Facts relative to Selenium Cells" by 
Mr. R. A. L. Snyder. 

At the meeting of this Branch April 
9, 85 attended, and listened to the paper 
on '' Motor-Generators and Synchronous 
Converters," by P. M. Lincoln, and the 
paper on '' The Practicability of Wind- 
ing Large Generators for 20,000 Volts,” 
by B. A. Behrend. The discussion on 
these papers was opened respectively 
by Mr. P. M. Lincoln and Mr.C. E. 
Skinner. 


PiTTSFIELD 


A meeting of this Branch was held 
March 14, at the Berkshire Auto Club, 
presided over by Mr. Н. L. Smith, with 
an attendance of 18. Two Institute 
papers were reviewed: “ The Current 
Transformer," by Mr. Kenneth L. 
Curtis; abstracted by Mr. E. A. Bessey; 
and Dr. Steinmetz’ paper on '''The 
Transformation of Electric Power into 
Light," abstracted by Mr. W. Н. 
jones. 

The meeting of April 18, was held at 
the Hotel Wendell, Gilbert Wright pre- 
siding, with an attendance of 20. 
Members were strongly urged to vote 
on the proposed new Constitution. 
Mr. H. W. Tobey gave a very interesting 
talk on the '' Electrification of the New 
York Central Railroad." His remarks 
were illustrated with lantern-slides. 
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PURDUE UNIVERSITY 

А meeting of this Branch held 
March 19, at the electrical building of 
Purdue University, presided over by 
G. B. Walker, vice-chairman, brought 
out an attendance of 136. Mr. W. T. 
Small presented a paper on the subject 
of *' The Mercury Arc Converter,” 
dealing with its theorv, manufacture, 
practical applications, and testing. Ac- 
tual demonstration with a converter 
ilustrated its practical application. 

The meeting of April 16, under the 
same auspices, was attended bv a total 
of 86. An address was given bv Pro- 
fessor J. W. Esterline. his subject being 
“Seeking, Obtaining, and Holding a 
Position." 


Sr. Lovis 

The meeting of the St. Louis Branch 
of the A.LE.E. beld on Wednesday 
evening. March 13, was, with one 
exception, the best attended meeting 
of the Branch has vet held. 

Professor F. E. Nipher, professor of 
physics at Washington University, 
delivered an address on '' The Nature 
of the Electric Current." It was pointed 
out that there is still much uncertainty 
as to whether a current of electricity 
in à wire is a unidirectional flow of 
charged particles of one sign, or whether 
it consists of a flow of oppositely charged 
particles in opposite directions. Рто- 
fessor Nipher described certain experi- 
ments which he is about to undertake 
to:studv this point, the experiments 
involving a repetition of the Wheatstone 
measurement of the velocity of an 
electric discharge from a Leyden jar, 
with some modifications suggested by 
recent investigations of the discharges 
from radium. 

The chairman announced that the 
executive committee had prepared an 
attractive programme for the remaining 
meetings of the vear, which included 
one or more addresses by prominent 
members of the Institute living in 
other cities. 

A regular meeting of the St. Louis 
Branch of the Institute was held on 


Wednesday evening, April 10, in the 
rooms of the Engineers' Club, with an 
attendance fully up to the high mark 
that has been maintained for some 
months past. This feature, combined 
with the readiness with which original 
papers have been secured, has had a 
noticeably stimulating effect upon the 
membership. 

Mr. H. Weichsel, of the Wagner 
Electric Mfg. Co., presented an original 
paper on “ The Overload Capacity of 
Synchronous Motors." The subject 
matter of the paper was largely mathe- 
matical, but there was developed a 
circle diagram for representing the 
operation of the motor, bv which the 
maximum output could readily be 
determined. Ап expression. for the 
overload capacitv, as a function of 
normal capacity, was derived in terms 
of the ratio of field ampere-turns to 


armature ampere-turns. 


Mr. J. H. Hunt, Instructor of Electri- 
cal Engineering at Washington Uni- 
versity, presented the results of an in- 
vestigation of the effect of varving 
power-factor upon the rating of svn- 
chronous converters. The expression 
giving this rating may be found in 
many text-books for the special case of 
unitv power-factor, which is, of course. 
the usual operating condition in most 
installations. Mr. Hunt's results. how- 
ever, show a surprising reduction in 
capacity as the power-factor is reduced. 

At the Mav meeting a paper on 
“ Insulating Varnishes and Compounds `’ 
will be presented by Mr. J. J. Kessler. 


SCHENECTADY 

On the evening of March 8, the 
Schenectady Branch gave a “ Scientific 
Smoker,” which was attended bv 
nearly the full membership. It was held 
at Odd Fellows’ Hall, which was taxed 
to its utmost capacity to accomodate 
the members and guests who listened 
to the following program: 
Selection 
Introductory 
Plans for Future 
A Little Hot Air 


Orchestra 

Dr. C. P. Steinmetz 
Mr. D. B. Rushmore 
Mr. €. H. Hil 
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Some Stunts Mr. E. B. Merriam 
Reminiscences Mr. E. B. Raymond 
Something Doing Mr. A. V. Thompson 
Selection Orchestra 
Cigars, pipes, and tobacco, and other 
retreshments were supplied to those 
in attendance and a specially interesting 
evening enjoyed. 

On March 18, Mr. S. D. Sprong, of 
the New York Edison Company, gave 
an interesting address on the '' Lighting 
Svstem of New York.” illustrated by 
the stereopticon. Mr. Sprong gave a 
history of the New York Edison 
Company, and followed with a detailed 
account of the system of distribution 
in sub-stations and protective devices 
to prevent shutdowns, etc. The dis- 
cussion following the lecture was opened 
bv Mr. €. W. Stone, of the General 
Electric Company. 

On March 21, Mr. Richard. Fleming, 
of the Lynn Works, General Electric 
Company. gave a lecture on “ Arc 
Lighting." showing many new designs 
of special lamps and illustrating his 
lecture by actual apparatus and by 
iantern-slides. 

On March 28, Mr. C. W. Larson of the 
power and mining department, General 
Electric Companv, gave an illustrated 
lecture on "Mine Locomotives and 
Mining." Mr. Larson explained the 
modern methods used in mining opera- 
tions, with special reference to the 
introduction of electric locomotives in 
this work. The special tvpe of loco- 
motive developed for use in confined 
space in mines contains many modifica- 
tions for the economy of space, which 
formed the subject of a very interesting 
series of lantern-slides. 

On April 4, Messrs. Steinmetz, Rush- 
more, Creighton and DuBois abstracted 
their papers which were read before the 
New York meeting of the Institute on 
March 29. Opportunity was thus 
given to the members to discuss 
further this interesting subject. 

On April 11, Mr. G. Н. Hill of the 
railway engineering department, General 
Electric Companv, was scheduled to 
give a talk on " Multiple-Unit Train 
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Control," but owing to the death of 
General Eugene Grimn, this lecture was 
postponed until April 18. 

On that date, Mr. Hill lectured before 
an exceptionally large audience. and 
illustrated by lantern-shides the history 
and present status of various sys- 
tems of large motor car and train control 
now in service. 


SEATTLE 

At the regular monthly meeting held 
Saturday evening March 16, 1907, the 
matter of holding a convention . in 
Seattle at the Alaska Yukon-Pacific 
Exposition in the summer of the year 
1909 was discussed. .X letter was read 
from Secretary Ralph W. Pope, who 
had conferred with President Sheldon 
and the chairman of the Committee 
on Papers, in regard to holding the 
annual convention in Seattle during 
that vear. As Seattle is so far away 
from the geographical center of the 
Institute, it is probable that this idea 
will have to be abandoned. 

It is likely, however, that the Branch 
will take some action at a future meeting 
favoring some arrangement {о be 
devised for a gathering of the Pacific 
Coast members at this exposition. Mr. 
Е. С. Allen has resigned from the execu- 
tive committee on account of his leaving 
Seattle permanently. Mr. W. 5. Hoskins 
was elected to take his place. 

The Institute paper. ” On the Substi- 
tution of the Electric Motor for the 


Steam Locomotive” was read by 
different members, and discussed by 
Messrs. Hoskins, Moore, Magnusson, 


Whipple, Fairbanks, Harisberger, Read. 
and Wheeler. 

The executive committee has out- 
lined the following program for the 
balance of the vear 1907: 

April: " Telegraphone," by H. В. 
O'Reily.  " Electrolytic Corrosion. of 
Iron and Steel in Concrete," by W. 5. 
Hoskins 

Mav: " Hawley Pumping Plant," by 
Geo. H. Moore and F. G. Simpson. 

June: Trip (annual) to Eastern 
Washington to view the single-phase 
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electric railway of the Spokane and 
Inland Electric Road, and other in- 
stallations. Also a paper by Mr. J. B. 
Ingersoll on the above mentioned 
railway system. 

October: Banquet, at which the 
following are slated for three minutes' 
prepared speeches: · 

A. C. Babson, F. R. Bates, C. Edward 
Magnusson, W. S. Hoskins, Eugene 
Hockett, S. C. Lindsay, W. M. Price, 
A. E. Ransom, Homer 
C. Remschel, Cyrus W. Whipple, 
John Harisberger. 

November: Papers on subjects of 
their own choosing by T. S. Clark and 
C. H. Judson. 

December: Paper on subject of his 
own choosing by O. N. Wiswell. 


SvRACUSE UNIVERSITY 

The meeting of this Branch held 
April 11, had an attendance of 22. 
Mr. H. E. Brelos led a discussion on the 
paper on ‘ Alternating-Current Electro- 
lysis," and Mr. H. V. Brown that onthe 
paper '' Electrolytic Corrosion of Iron 
and Steel in Concrete." A committee of 
this Branch arranged a visit to the 
Schenectady works of the General 
Electric Company, and of the American 
Locomotive Company, for March 26 
and 27. <A party of thirty made this 
trip. 

At the next meeting, April 18, with 
an attendance of 16, the paper pre- 
sented was on '' Switchboard Construc- 
tion " by Mr. Dresser of the Syracuse 
Lighting Company. Mr. Dresser spoke 
of the changes in switchboard construc- 
tion in the last ten or fifteen years, and 
of the increased attention now paid 
to proper design of switchboards. 


TORONTO 

This Branch held a meeting March 
18, at the Engineers’ Club, with an 
attendance of 14, at which the minutes 
of the previous meeting were adopted 
as read. Mr. Robert J. Clarke gave an 
address on American Hydroelectric 
Power Development,” illustrated with 
dissolving views. The address was 


W. Read, 


[April 


most interesting and instructive, and 
the lecturer was tendered a hearty 
vote of thanks. 

At the meeting of April 12, attendance 
20, Mr. K. L. Aitken read Mr. P. M. 
Lincoln's paper on '' Motor-Generators 
versus Synchronous Converters." The 
discussion on this paper was very 
animated, and was taken part in by 
Messrs. Ashworth, Bucke, Cornish, Black, 
Peaslee, Bovd, Richards, Aitken, Mit- 
chell, and Smallpiece. 


WASHINGTON UNIVERSITY 
This Branch held a meeting February 
27, with an attendance of 10. A verv 
interesting paper on “A glimpse of 
Telephone Engineering " was delivered 
by Mr. J. F. Bratney. 


WISCONSIN 

The February meeting of this Branch, 
at the engineering building, University 
of Wisconsin, F. M. Conle presiding, 
brought out an attendance of 175. 
The meeting was addressed by Pro- 
fessor Daniel W. Mead, consulting 
hydraulic engineer, on “ Water Power 
Developments in General, with Special 
Reference to Wisconsin." 

The meeting of April 4, of this Branch, 
had an attendance of 40. After a brief 
discussion regarding the adoption of the 
proposed amendments to the Constitu- 
tion, there was an original discussion of 
the ‘‘ Development of Variable-Speed. 
Motors," by J. P. Mallett, chief engineer 
of the Northern Electric Companv. 
Also a review of papers on “ Alternating- 
Current Electrolysis. by '' О. Н. Gaarden 
and ‘ Electrolytic Corrosion of Iron 
and Steel in Concrete" by F. M. 
Blackburn. 


WORCESTER POLYTECHNIC INSTITUTE 

The regular meeting of the Branch 
was held Monday evening, March 25, 
1907, in the electric engineering lec- 
ture room, Salisbury laboratories. 
Dr. George R. Olshausen, of Cornell 
University, addressed the meeting on 
the subject '" The Power Plant of the 
Omaha and Council Bluffs Street Rail- 
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way Co." Dr. Olshausen had been 
directly interested in the design of 
this station and was therefore in a posi- 
tion to give a very interesting lecture, 
which he did. The speaker brought a 
complete set of lantern-slides with him. 
These showed the general layout of the 
plant with many of the details. The 
method of handling coal and ashes was 
of special interest. Dr. Olshausen also 
gave some data on the operating costs 
of the station. The Branch wishes to 
express its gratitude to the speaker 
for his very interesting lecture. 


Minutes of Meeting 
of the Institute 


Meeting of the American Institute 
of Electrical Engineers, held in the 
Auditorium of the Engineers’ Building, 
33 West Thirty-ninth street, New York, 
Friday, March 29, 1907. President 
Sheldon called the meeting to order at 
8:20 o'clock, P.M. 

The Secretary announced that at the 
meeting of the Board of Directors held 
during the afternoon there were 139 
Associates elected as follows: 


AITKEN, WILLIAM, Telephone Engineer, 
British Insulated and Helsby Ltd.; 
res., Beechcliff, Sandon Prom. Egre- 
mont, Cheshire, England. 


ANDERSON, JOHN Victor, Salesman, 
Westinghouse Electric and Mfg. Co.; 
res., 214 So. West Temple St., Salt 
Lake City, Utah. 


APPLETON, HENRY WILLIAM, Master 
Mechanic, Passaic Print Works; res., 
335 Lafayette Ave., Passaic, N. J. 


ARIZPE, JESUS DE VALLE, Apprentice, 
Westinghouse Electric and Mfg. Co., 
Pittsburg; res., 411 McNair St., Wil- 
kinsburg, Pa. 


ATKINS, Davin F., Inspector, Mechan- 
ical and Electrical Engineer, Superv. 
Architects Office, U. S. Treasury De- 
partment, Federal Bldg., Omaha, Neb 


AUTH, CHARLES, Secretary and Man- 
ager, DeVean Telephone Mfg. Co.; 
res., 893 Decatur St., Brooklyn, N. Y. 
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Bains, THOMAS MELLOR, JR., Engineer 
and Electrician, Rosebush Mining 
and Leasing Co., Goldfield, Nev. 

BAKER, FRANK J., Vice-President, North 
Shore Electric Co., 134 Washington 
St., Chicago, Ill. 


BAKER, HanorDp PETERS, Student, 
Massachusetts Institute of Technol- 
ogy, Boston, Mass.; геѕ., White Ha- 
ven, Pa. 


Electrical 
Bldg., 


BEATTIE, MARK BREWER, 
Engineer, 305 Commercial 
Louisville, Ky. 


Berry, WILLIAM JOHNSTON, Instructor 
in Mathematics, Polytechnic Insti- 
tute of Brooklyn; res., 1937 83d St., 
Brooklyn, N. Y. 


Bascu, Davip, Switchboard Engineer, 
General Electric Co., Schenectady, 
N. Y. 

BEAcH, Howarp LiNpsrEv, Designing 
Engineer, Westinghouse Electric and 
Mfg. Co., Pittsburg; res., 735 Wallace 
Ave., Wilkinsburg, Pa. 


Briscoe, HERBERT WITHINGTON, Sales- 
man, Ft. Wayne Electric Works, 325 
Lincoln Trust Bldg., St. Louis, Mo. 


Brown, GEoRGE WILLIAM, Electrical 
Engineer, Westinghouse Electric and 
Mfg. Co., Pittsburg, Pa. 


Brown, Нлвогр SLATER, Agent, Cana- 
dian General Electric Co., 14 King 
St., E. Toronto, Ont. 


CARTER, GEORGE WILLIAM, Engineering 
Department, Stanley G. I. Electric 
Mfg. Co.; res., 24 Henry Ave., Pitts- 
field, Mass. 


CHURCHWARD, ERNEST CALERIDGE, Gen- 
eral Manager and Engineer, Scottish 
Central Electric Power Co. and Lo- 
thian Electric Power Co., 34 North 
Bridge St., Edinburgh, Scotland. 


CLARK, Ковевт J., Assistant to Comp- 
troller, Toronto Railway Co.; res., 
104 Avenue Road, Toronto, Ont. 


CLAYTON, WILLIAM, Engineer, General 
Electric Co.; res., 631 Western Ave., 
West Lynn, Mass. 
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CoLLETT, CHARLES Отто, Instructor, 
Electrical Engineering, University of 
Missouri; res., 708 Marvland Place, 
Columbia, Mo. 


CRAFT, Warren Moore, Telephone 
Engineer, American Telephone and 
Telegraph Co., 15 Dey St., New York 
City; res., Cranford, N. J. 


CRANDALL, HERBERT NILES, Superin- 
tendent and Assistant Secretary, Ba- 
ker Light and Power Co., Baker Сиу, 
Oregon. 

CRAWLEY, MANSFIELD CALVIN, Electri- 
cian Union Oil Co. of California, Or- 
cutt, Cal. 

DAVENPORT, URIAH HanRorp, Adjunct 
Professor, University of Georgia, 
Athens, Ga. 

Davipson, JOHN CHaLMER, P.N. Y. 
& L. I. R.R., 10 Bridge St., New 
York; res., 31 Sidney Place, Brook- 
lyn, N. Y. 

Davis, Ernest, Draftsman, Sargent & 
Lundy; res., 405 North Central Ave., 
Chicago, Ill. 

DeLacey, Georce W., Supervising 
Draughtsman, Western Electric Co., 
E. 72d St., New York City; res., 927 
Grant Ave., Bronx, New York City. 

DELAFIELD, EUGENE LIVINGSTON, Sales- 
man and Estimator, W. E. Quimby 
Inc.; 44 E. 23d St., New York City; 
res., 13 Gardner Pl., Montclair, №. J. 

DicKERSON, RAYMOND, Draughtsman, 
New York Edison Co., New York 
City; res., 158 S. Elliot P1., Brooklyn, 
М.Ү. 

DiucrLE, Howanp, Sales Department: 
Crocker-Wheeler Co., res.; 37 Park 
Ave., East Orange, N. J. 

Duer, Joun V. B., Inspector, Electrical 
Superintendent's Office, L. I. R.R. 
Co., Hempstead, L. I. 

FavLDER, ALFRED ЈоѕЕРН, Chief Clerk, 
Engineering Department, New York 
and New Jersey Telephone Co.; 15 
Dev St., New York City. 

Foote, Horace Burt, Electrical En- 
gineer, General Electric Со.. Schenec- 
tadv, N. Y. 
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Foster, MORTIMER BRISTOL, Secretary 
and Treasurer, M. B. Foster Electric 
Co., 949 Broadway, New York Citv; 
res., Sound Beach, Conn. 


FowLER, CLARENCE ParKES, Electrical 
Engineer, Westinghouse Electric and 
Mfg. Co. Pittsburg: res., 3 Cope 
Apartment, Wilkinsburg, Pa. 


FRANCIS, JOSEPH SIDNEY, Engineer, Bell 
Telephone Co. of Philadelphia, N. E. 
cor. llth and Filbert Sts., Philadel- 
phia, Pa. 


FRENELL. Per, Electrical Engineer, 
Elektriska Pronfingsanstalten, Dala- 
gatan 30 IV, Stockholm, Sweden. 


FULLERTON, Носн Lee, Assistant to 
Electrical Engineer, Allegheny Coun- 
ty Light Co.; res., 5808 Margaretta 
St., Pittsburg, Pa. 


GAPEN, JorHAM Crank, Electrical In- 
spector, North Shore Electric Co.,.114 
Oak Park Ave .; res., 310 South Boule- 
vard, Oak Park, Ill. 


GaNGL, Francis, Draftsman, General 
Electric Co.; res., 26 Glenwood Boule- 
vard, Schenectady, N. Y. 


GARDINER, FREbERICK W., Principal 
Assistant Engineer, Interborough 
Rapid Transit Co., 32 Park Place, 
New York City. 


GAvLoRD, JaMES Mason, Student, Mass- 
achusetts Institute of Technology; 
res, 4 Kearsarge Ave. Roxbury, 
Mass. 


Goopinc, Henry L., Electrician іп 
charge Department of Ordnance, 
_ Brooklyn Navy Yard, №. Y. 


GorsucH, WILLIAM ScHROFIELD, As- 
sistant Electrical Engineer, N. Y. C. 
& H. R. R.R. Co.. New York City; 
res., 55 S. 3d Ave., Mt. Vernon, N. Y. 


Соо, JosePHus Conn, Chief Engineer, 
Chattanooga and Tennessee River 
Power Co., Chattanooga, Tenn. 


Ha4ppock, Morton WEBSTER, Superin- 
tendent of Maintenance, New Eng- 
land Telephone and Telegraph Co., 
119 Milk St., Boston; res., Brookline, 
Mass. 
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HazARD, Isaac Peace, Assistant to 
Chief Engineer, Cincinnati Traction 
Co., 1312 Traction Bldg., Cincinnati, 
O. 


HEAVENS, Евер Joux, Purchasing 
Agent, Pittsburg and Allegheny Tele- 
phone Co., Pittsburg: res., 306 Jack- 
son St., Allegheny, Pa. 


HELWEG-FaHNo!I, HANS FREDERIK Ihn- 
spector, Westinghouse Electric and 
Mfg. Co.; res., 102 Plane St., Newark, 
N. J. 


HERMAN, }О$ЕРН W., Inspector, Switch- 
board Drafting Department, General 
Electric Co.; res., 144 Barrett St. 
Schenectady, N. Y. 


HUNTINGTON, ARTHUR, President Cas- 
cade Milling Co., 405 W. 8th St., 
Sioux Falls, S. D. 


Huper, Cart, Electrical Draftsman, 
with W. J. Gray; res., 808 4th Ave., 
S., Minneapolis, Minn. 


HuRDELL, Victor HOLLISTER, Sales- 
man, Westinghouse Electric and Mfg. 
Co., 716 Bd. of Trade Building, Bos- 
ton, Mass. 


HuRrLBATT, Doveras Gray, Assistant 
Engineer in Plant Department, Brit- 
ish Westinghouse Co., Tratford Park, 
Manchester; res., Bickley, Kent, Eng. 


HvraANp, JouN Francis, Foreman of 
Maintenance, New England Telephone 
and Telegraph Co., Boston; res. 7 
Pembroke St., Medford, Mass. 


JOSEPH. ABRAHAM PINTO, Switchboard 
Engineer, General Electric Co.; res., 
128 Nott Terrace, Schenectady, N. Y. 


KEAL, JOSEPH, Jr., Draughtsman, In- 
dustrial Gas Co..Flatiron Bldg., New 
York City; res., 968 Madison St., 
Brooklyn, N. Y. 


Keiser, Davip L., Erecting Engineer, 
Westinghouse Electric and Mfg. Co., 
Pittsburg, Pa.; res., Rushville, Ind. 


Keyes, FREDERICK A., Sales Engineer: 
American Steel and Wire Co., 24 
State St., New York City; res., 393 
North Broad St., Westfield, N. J. 


NOTES AND COMMENTS 55 


KIRKPATRICK, WILLIAM Burns, Engi- 
neer and Salesman, General Electric 
Co., 44 Broad St., New York City; 
res., 1524 E. 19th St., Brooklyn, N. Y. 


KITTELBERGER, JOHN B., Chief of Main- 
tenance, Central District and Print- 
ing Telegraph Co.; res., 416 7th Ave., 
Pittsburg, Pa. 

KoESsTER, FRANK, Designing Engineer, 
J. G. White and Co.; res., 213 W. 81st 
St., New York City. 

Kus, Lewis O., Assistant Engineer, 
American Tobacco Co., 111 5th Ave.: 
res., 238 W. 73d St., New York City. 

LAMBERT, CaRL Frep, Electrical Engi- 
neer, Westinghouse Electric and Mfg. 
Co., Pittsburg; res., 420 Rebecca Ave. 
Wilkinsburg, Pa. 

LATHROP, LEIGH Hunt, Foreman, Elec- 
trical -Testing Bureau, Milwaukee 
Electric Railway and Light Со.; res., 
1414 Grand Ave., Milwaukee, Wis. 

LAUDENBERGER, ERNEST C., Student 
Apprentice, General Electric Co.; res., 
60 Commercial St., West Lynn, Mass. 

LEHDER, WALTER Max, General Elec- 
tric Co.; res., 127 Glenwood Boule- 
vard, Schenectadv, N. Y. 

Libe, Martin JAMES, Consulting Elec- 
trical Engineer, Birmingham, Ala. 
LIEBERMANN, Расі. B., Assistant Elec- 
trical Engineer, Sprague Electric Co., 
Bloomfield; res., 273 N. 20th St., East 

Orange, №. J. 

LONGBOTHAM, FRANK, Student, Brook- 
Ivn Polytechnic Institute; res., 322 
Carlton Ave., Brooklyn, N. Y. 

Lunn, ERNEST, Superintendent of Stor- 
age Batteries, Chicago Edison Co., 
139 Adams St., Chicago, Il. 

Maxey, RonBERT E., General Manager, 
Hanover Light Heat and Power Co., 
Hanover and McSherrystown Street 
Railway Co., Hanover, Pa. 

MARTIN, GEORGE W., 245 Carroll St., 
Brooklvn, N. Y. 

Mason, EpwaRD Jarvis KiNc, West- 
inghouse, Church, Kerr and Co., 10 
Bridge St., New York City; res., 370 
Park Place, Brooklyn, N. Y. 


56 PROCEEDINGS OF A.I. E. E. 


Mason, WALTER LtLoyp, Salesman, 
Westinghouse Electric and Mfg. Co., 
Land Title Bldg.; res., 1527 Green St., 
Philadelphia, Pa. 


MAZZOLANI, Gui io, Electrical Engineer 
Societa della tramori e ferrsvie Elec- 
triche d Roma, L 7 Via Firenze, 
Rome, Italy. 


McBripDE, ALBERT HILLIER, Assistant 
Engineer, Hydro-Electric Power Com- 
mission of Ontario, 25 Toronto St.; 
res., 105 Bond St., Toronto, Ont. 


McCarTHY-JONES, CHRISTOPHER How- 
EL, Engineer on Staff, British Thom- 
son-Houston Co., Rugby, England. 


McELnaNv, Arva Roy, Foreman, Mex- 
ican Light and Power Co., Eliseo 34, 
Vivienda No. 6, Mexico D. F., Mex. 


McLAREN, JOHN HAROLD, Assistant 
Chief Engineer, Cincinnati, Newport 
and Covington Light and Traction 
Co., Newport, Ky. 


McRae, FRANK GEorGE, Electrical In- 
spector, Hudson River Electric Power 
Co., 192 3d St., Albany, N. Y. 


MERRICK, FRANK ANDERSON, Manager 
of Works, Canadian Westinghouse Co. 
Ltd., Hamilton, Ont. 


MEYER, EucENE DANIEL, Consulting 
Engineer, Falkenau Electrical Con- 
struction Co., 201 Stock Exchange 
Building; res., 346 Oakwood Boule- 
vard, Chicago, Ill. 


MinaMI, Hajime, Draftsman, Westing- 


house, Church, Kerr and Со.; 10 
Bridge St.; res., 2 W. 13151 St., New 
York City. 


MoREHEAD, Roy ARCHIBALD, Engineer, 
The Pacific Telephone and Tele- 
graph Co.; res., 622 So. Hill St., Los 
Angeles, Cal. 

MousseELET, MarceL EuGENE, Elec- 
trical Engineer, Westinghouse Elec- 


tric and Mfg. Co., Pittsburg; res., 417 

Biddle Ave., Wilkinsburg, Pa. 
Млснор, Cart Pivany, President, 

United States Engineering Co., 633 


Bourse Bldg.; res., 5384 Chew St., 
Philadelphia, Pa. 
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NATHAN, WILFRED McDowzrr, Elec- 
trician, United States B Co., 
Oakfield, N. Y. 


NEWMAN, Leroy L., Inspector, Penn- 
sylvania Railroad Co., 314 Delaware 
Ave., N. E., Washington, D. C. 


NOWLAN, BRETE Cassius, Installation 
Department, Western Electric Co., 
Chicago, Ill.; res., Havelock, Ia. 


PEARSON, ALBERT L., Assistant, Lock- 
wood, Greene and Co., 93 Federal St., 
Boston; res., 10 Dresden Circle, West 
Somerville, Mass. 


PEDDRICK, CHARLES Henry, JR., Man- 
ager, Light and Power Department, 
Hudson River Electric Power Co., 
Glens Falls, N. Y. 


PHINNEY, RoBerT Morris, Draughts- 
man, Northwestern Construction Co. 
Boone, Ia. 


Pierson, Henry, Electrical Engineer, 
British Westinghouse Electric and 
Mfg. Co.; Trafford Park; res., 26 
Park Road, Stretford, Manchester, 
Eng. 


Poore, WILLIAM JOHN, Engineer and 
Salesman, British Westinghouse Elec- 
tric and Mfg. Co. Ltd.; res., 31 Falk- 
land Mansions, Hyndland, Glasgow, 
Scotland. 


PopPLETON, RALPH Rices, Sales Engi- 
neer, Pacific Electric Co., 94 First 
St., Portland, Oregon. 


PowELL, IvAN ELNo, Engineer, Roches- 
ter Railway and Light Co. 120 
Broadway, Rochester, N. Y. 

Pratt, RicHARD НЕккү, Chief Electri- 
cian, N. P. Pratt Laboratory, At- 
lanta, Ga.* 

PRINGLE, Davip RHETT, Superinten- 
dent, Thomasville Electric Light 
Plant, Thomasville, Ga. 


RAYMOND, Howard Monroe, Dean, 
Professor Experimental Physics, Ar- 
mour Institute of Technology, Chi- 
cago, Ill. 

REMINGTON, GEORGE Warp, Engineer 
Railway Department, General Elec- 
tric Co., Schenectady, N. Y. 
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RiBor, Antonio, Tester General Elec- 
tric Co.; res., 131 Church St., Schen- 
ectady, N. Y. 


Rice, Рни1р BERNARD, Assistant in 
Office of Mechanical Engineer, Penn- 
Sylvania Railroad Co., Altoona, Pa. 


RicH, Epwarp BENJAMIN, Field Ac- 
countant on Coast Analysis, North- 
western Construction Co., Boone, Ia. 


RIDDILE, JoHN Scott, Engineer, with 
Ralph D. Mershon, 60 Wall St.; res., 
102 W. 84th St., New York City. 


Корр, OTHO CLARENCE, Tester, General 
Electric Co.; res., 103 Barrett St., 
Schenectady, N. Y. | 


RvAN, WILLIAM THoMas, Instructor in 
Electrical Engineering, University of 
Minnesota; res., 1406 7th St., S. E., 
Minneapolis, Minn. 


SAMUELS, Maurice M. Engineer, 
General Electric Co., Schenectady, 
N. Y. 


SCHOLES, DANtEL Ransom, Chief Engi- 
neer, Aermotor Co., 12th and Rock- 
well Sts., Chicago, Ill. 


SCLATER, RoBERTSON Ноѕкімѕ, Elec- 
trical Draftsman, Newport News 
Shipbuilding and Dry Dock Co., 
Hampton, Va. 

Scott, GEoRGE WALKER, Electrical En- 
gineer, Allis-Chalmers Co., The Bul- 
lock Electric Mfg. Co., Norwood, O. 


SEAMAN, JOHN H., Chief Engineer, Con- 
sumers Electric Co.; res., 2618 Coli- 
seum St., New Orleans, La. 


SHERIDAN, MARTIN Рнилр, Chief Elec- 
trician Peregrina Mining and Milling 
Co., Peregrina, Guanajuato; res., 
Cadena 19, Mexico D: F., Mex. 


SIMPSON, GEORGE W., Salesman, West- 
inghouse Electric and Mfg. Co.; res., 
22 N. 59th St., Philadelphia, Pa. 


SMART, JOHN Cowie, Superintendent of 
Transmission Lines, Shawinigan 
Water and Power Со., Joliette, P. О. 
Canada. 

SMITH, ALGY J., Electrician in Charge 


Naval Proving Ground, Indian Head, 
Md. 
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SMITH, WALTER CHARLES, General Elec- 
tric Co.; res., 1009 Union St., Schen- 
ectady, N. Y. 


SMITH, WirLiAM McALLISTER, Tele- 
phone Engineer, Western Electric 
Co.; res., 301 E. 68th St., New York 
City. 

SPENCER, ELBERT Roy, Assistant Ed- 
itor, Electric Journal, Pittsburg, Pa. 


STIELER, FREDERICK CARL, Engineering 
Department, Westinghouse Electric 
and Mfg. Co.; res., 417 Center St., 
Wilkinsburg, Pa. 


STEWART, RICHARD (СіҮрЕ, General 
Foreman Memphis Street Railway 
Co., 586 Lauderdale St., Memphis, 
Tenn. | 


SvMES, Harry, Superintendent, Elec- 
trical Development Co. Niagara 
Falls, N. Y. 


Taussic, WiLLIAM S., Sales Engineer, 
Western Electric Co.; res., 36 W. 
85th St., New York City. 

THAYER, Harry BATES, Vice President 
Western Electric Co., 463 West St., 
New York City. 

THIBODEAUX, ERNEST AUGUSTUS, Su- 
perintendent, Municipal Power Plant, 
Donaldsonville, La. 


Томілхѕом, L. C., Installer, Automatic 
Electric Co., Oakland, Cal. 


TRAFFORD, BERNARD WALTON, General 
Manager, Chesapeake and Potomac 
Telephone Co., 722 12th St. N. W. 
Washington, D. C. 

TYLER, ALVA Warren, Designing En- 
gineer, United States Gypsum Co., 
Oafikeld, N. Y. 


URQUHART, ROBERT FRAZIER, Assistant 
Installing Engineer, Northern Cali- 
fornia Power Co., Manton, Cal. 


VANCE, CLAUDE Epwarp, Assistant 
Engineer, British Electric Traction 
Co., Ltd., Donnington House, Norfolk 
St., London, W. C., England. 


VAN WEELDEN, Hanorp C., Sales De- 
partment, General Electric Co., 44 

. Broad St., New York City; res., 450 
Willoughby Ave., Brooklyn, N. Y. 


58 PROCEEDINGS ОЕ А.І. E. E. 


WATANABE. NOBLE, Engineering Ар- 
prentice Westinghouse Electric and 
Mfg. Co., Pittsburg, Pa. 

WILKINS, GEORGE BARNUM, Student, 
Brooklyn Polytechnic Institute, 
Brooklyn; res. 3403 Beaufort St., 
Morris Park, L. I., N. Y. 

WiEMER, Отто, Engineer, Wagner Elec- 
tric Mfg. Co., St. Louis, Mo.; res., 814 
Alby St., Alton, Ill. 

WitLLiAMs, SAMUEL ALFRED, Electrical 
Contractor, S. A. Williams and Co., 
Jackson, Miss. 

Wirv, JAMES Hunter, Private Assist- 
ant, W. S. Franklin, Lehigh Univer- 
sity; res., 704 Dakota St., So. Beth- 
lehem, Pa. 

WINTER, WILLIAM GEORGE, Chief 
Draftsman, Emerson Electric Mfg. 
Co. 2030 Washington Ave.; res., 
2101a Arsenal St.. St. Louis, Mo. 

WorTMAN, Ernst, Manager, Albert and 
J. M. Anderson Mfg. Co., 135 Broad- 
way; res., 610 W. 113th St.. New York 
City. 

The Secretary announced further that 
the following Associates were trans- 
ferred to the grade of Member: 
ALEXANDER Svuss LANGSvORF, Professor 

of Electrical Enyineering, Washington 

University, St. Louis, Mo. 

LesLie LAWRENCE Perry, Electrical 
Engineer with F. 5. Pearson, 25 
Broad St., New York City. 


The Secretary announced further that 
at the mceting of the Board of Directors 
the following men were selected as the 
directors’ nominees for the officers of 
the Institute to be elected on Mav 9, 
1907. 

For president. Henry Gordon Stott, 
New York, N. Y. 

For vice-presidents, Louis A. Fergu- 
son, Chicago, Ill; W.C. L. Eglin, Phila- 
delphia, Pa.; J. G. White, New York, 
N. Y. 

For managers. Percy H. Thomas, New 
York, N. Y.; B. G. Lamme. Pittsburg, 
Pa.; Harold W. Buck, New York, N. Y; 
Morgan Brooks. Urbana. Ill. 

For treasurer, George A. Hamilton, 
New York, N. Y. 
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For secretary, Ralph W. Pope, New 
York, N. Y. 

The following papers were then pre- 
sented: 

1. " Lightning Phenomena in Electric 
Circuits," by Charles P. Steinmetz. 

2. *‘ Protection against Lightning, and 
the Multigap Lightning- ÀArrester," by D. 
B. Rushmore and D. Dubois. 

3. '" New Principles in the Design of 
Lightning-Arresters," by E. E. Е. 
Creighton. 

The following menibers took part in 
the discussion: Messrs. Steinmetz, R. P. 
Jackson, Converse, McClellan, Osgood, 
Rushmore, Creighton, Perrine, Thomas. 


Question Box 

The annual '' question box ” of the 
National Electric Light Association has 
been printed for distribution under the 
editorial supervision of Mr. Paul Lupke. 
It will be found of special interest to 
operating electrical engineers. Copies 
may be obtained by addressing the 
Secretary of the Association, 29 West 
39th street, New York City. 

I cannot but think that the founda- 
tions of all natural knowledge were laid 
when the reason of man first came face 
to face with the facts of nature; when 
the savage first learned that the fingers 
of one hand are fewer than those of 
both; that it is shorter to cross a stream 
than to head it; that a stone stops 
where it 1s unless it be moved, and that 
it drops from the hand which lets it go; 
that light and heat come and go with 
the sun; that sticks burn away in a fire: 
that plants and animals grow and die; 
that if he struck his fellow savage a 
blow, he would make him angry, and 
perhaps get a blow in return; while if 
he offered him fruit, he would please 
him, and perhaps receive a fish in ex- 
change. When men had acquired this 
much knowledge, the outlines, rude 
though they were, of mathematics, of 
phvsics, of chemistry, of biology, of 
moral. economical. and political science, 
were sketched.—HuxrEev, “The Scien- 
tific Spirit in Modern Thought.” 
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Institute Meetings 
May Meeting, May 21, 1907: 
" Facts and Problems Relating to 
Electric Trunk Line Operation,” by 
F. J. Sprague. 


High-Tension Transmission Committee. 

Chicago Meeting, Мау 24, 1907: 

" Relative Merits of Three-Phase and 
One-Phase Transformers," bv H. 
W. Tobey. 

" Relative Advantages of One-Phase 
and  Three-Phase Transformers,” 
bv John S. Peck. 

" Forced-Oil and Forced-Water Circu- 
lation for Cooling Oil-Insulated 
Transformers," bv C. C. Chesney. 

" Enclosed Station Wiring," by F. O. 
Blackwell. 

" Potential Stresses as Affected by 
Overhead Grounded Conductors,” 
by R. P. Jackson. 


Annual Convention, 
Niagara Falls, N. Y. 
JUNE 25-28, 1907. 
Niagara Falls Convention Local Com- 
mittee, 1907. 


Рнпилр P. Barton, Chairman; 
E. C. Аснеѕом, Е. В. Н PAINE. 
H.B.Atverson. W. М Ryerson. 


Titles of Papers* 

" New Principles іп the Design. of 
Lightning-Arresters," by E. E. Е. 
Creighton. 

" Some Power Transmission Econom- 
ics," by F. G. Baum. 

" Notes on Transformer Testing." by 
H. W. Tobev. 

" One-Phase, High-Tension Power 
Transmission," by E. J. Young. 

* Fractional Pitch Windings for Induc- 
tion Motors and Alternators,” by 
C. A. Adams. 

” Short-Circuit Currents of Alternators,” 
by C. P. Steinmetz. 

* Attitude of Technical Schools toward 
the Profession of Electrical Engi- 
neering.” by Н. Н. Norris. 

“ The Concentric Method of Teaching 

* This list may Le modified later. 
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Electrical Engineering," by Valde- 
mir Karapetoff. 
“ Track-circuit Signaling on Electrified 
roads” by L. Е. Howard. 
© Method of Measurement in Lightning- 
Arresters or Standardization Rules,” 
by E. E. F. Creighton. 
" Practical Testing of Commercial Light- 
ning-Arresters, by Percy H. Thomas. 
“ Engineering Specifications," by C. W. 
Ricker. 
' Vector Diagrams of Single-Phase Com- 
mutating Motor,” by W. I. Slichter. 


- 


"The Application of Oil Switches in 
Power Transmission Work," bv D. 
B. Rushmore. 


“ Inductive Disturbances in Telephone 
Lines,” by Louis Cohen. 

'" Some Aspects of Parallel Operation," 
bv B. O. Behrend, O. B. Field, and 
J. M. Patitz. 

“ Zigzag Leakage of Induction Motors,” 
by R. E. Hellmund. 


" Deflocculated Graphite," by E. G. 
Acheson. | 

'" Regeneration of Power from Electric 
Railway Motors," by William 
Cooper. 

“Switchboard Practice for Voltages 
of 60,000 and Upward," by S. Q. 
Hayes. 

'" Power-Factor, Alternating - Current 
Inductive Capacity, Chemical, and 
Other Tests of Rubber-Covered 
Wires of Differert Manufacturers," 
by Henry W. Fisher. 

“Interaction of Synchronous 
chines," by Morgan Brooks. 


Ma- 


Topical Discussions: 


L. " Single-Phase versus Multiphase Gen- 


erators for  <Alternating-Current 
Roads." 
2 ''Standardizing the Frequency for 


Alternating-Current Roads,” 

А. Н. Armstrong, railway engineer- 
ing department., General Electric 
Company, Schenectady, N. Y; 
and N. W. Storer, Westinghouse 
Electric and Manufacturing Com- 
pany, Pittsburg, Pa. 
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Under the Auspices of the High-Tension 
Transmission Committee, Wednes- 
day, June 26, 1907. 


“ Extra Insulation of End-Turns of 
Transformer Windings as a Substi- 
tute for Lightning-Arrester Choke- 
Coils," by S. M. Kintner. 

" Extra Insulation of End-Turns of 
Transformer Windings as a Substi- 
tute for Lightning-Arrester Choke- 
Coils," by Walter S. Moody. 

“ Transmission Line Towers and Econ- 
omical Spans," by D. R. Scholes. 

“ Lightning- Rods and Grounded Cables 
as a means of Protecting Trans- 
mission Lines against Lightning." 
by Norman S. Rowe. 

“The Transmission Plant of the Ni- 
agara, Lockport and Ontario Power 
Company," by Ralph D. Mershon. 

"Location of Broken Insulators and 
Other Transmission Line Trouble ,” 
by L. C. Nicholson 


High-Tension Transmis- 
sion Committee 


High-Tension Transmission Meeting at 
New York, March 22, 1907. 


A special meeting of the Institute 
under the direction of Mr. Ralph D. 
Mershon, chairman of the High-Tension 
Transmission Committee, was held in 
the Auditorium of the Engineers’ 
Building, New York, Friday March 22, 
1907. The meeting was a large one, and 
the discussion spirited and interesting. 
The following * Introductions to Dis- 
cussions " were presented: 


- 


' Motor-Generators versus Synchron- 
ous Converters, with Special Refer- 
ence to Operation on Long-Distance 
Transmission Lines," by Paul M. 
Lincoln. 

2. '" The Practicability of Large Gener- 

ators Wound for 20,000 Volts," 
by B. A. Behrend. 


The following members took part in 
the discussion: Messrs. Behrend, Skinner 


1. 
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Murray, Armstrong, Waters, Stott, 
Mershon, Stone, Thomas, Torchio, Hen- 
shaw, Scott, Lincoln, Berg, Blackwell, 
Corson, Kelsch, Jackson, Pratt, Schuler, 
Shipman, Coldwell, Floy, Foster, Gif- 
ford, Osgood, Parker, Parshall, Pearson, 
Rowe, Schwartz, Walker, Whitehead, 
Babcock, Burch, Semenza. 


High-Tension Transmission Meeting at 
Chicago, May 24, 1907. 


A special meeting of the Institute 
under the auspices of the Chicago 
Branch and the High-Tension Trans- 
mission Committee, will be held in the 
“Auditorium Hotel, Michigan Avenue, 


Chicago, on Friday, May 24, 1907. 
There will be two sessions, possibly 


three. The first session will be from 
9 a.m. to 1 p.m.; the second, from 2:30 
p.n. to 5 p.m. If the papers and dis- 
cussions are not finished at 5 р.т., 
there will be an evening session be- 
ginning at 8 p.m. 

The following “ Introductions to 
Discussion " will be presented at the 
Chicago meeting: 


1. " Relative Merits of Three-Phase 
and One-Phase Transformers," by 
H. W. Tobey. 

2. '" Relative Advantages of One- Phase 
and  Three-Phase Transformers,” 
by John S. Peck. 

3. '" Forced-Oil and Forced-Water Cir- 
culation for Cooling Oil-Insulated 
Transformers," by C- C. Chesney. 

4. “ Enclosed Station Wiring," by 
F. O. Blackwell. 

5. ‘‘ Potential Stresses as Affected bv 
Overhead Grounded Conductors,” 
by R. P. Jackson. 


Professor P. B. Woodworth, of the 
Lewis Institute of Chicago, is chairman 
of the Chicago Branch; Mr. H. R. 
King of the Western Electric Company, 
is secretary. Messrs Woodworth and 
King are cordially and actively co- 
operating with Mr. Mershon and the 
executive offices of the Institute in the 
endeavor to assure a large and successful 
Meeting, as large and as successful as 
that held under the auspices of the 
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High-Tension Transmission Committee, 
in New York, on March 22, 1907. 
At the New York meeting, thirty- 
six members took part in the discussion, 
the stenographic transcript of the 
d:scussion covering 121 pages of legal- 
cap paper. 

The Secretary requests all members, 
having experience in matter relative 
to the electrical transmission of energy 
at high voltages and who are therefore 
qualified to discuss the points brought 
out in these Introductions, kindly to 
assist Mr. Mershon’s committee in this 
important work by contributing to the 
discussions, either verbally at the meet- 
ing, or, if this isnot convenient, bv writ- 
ten contributions. If the contributions 
are to be verbal, please notify Mr. Pope 
by letter; if the contributions are to be 
written, they should be sent to Mr. 
Mershon at his office, 60 Wall Street, 
New York, mailing them so that 
they will reach him on or before May 
20. 1907. 

High-Tension Transmission Meeting, at 
Niagara Falls, N. Y., June 26, 1907. 

By special arrangement with Mr. 
H. G. Stott, chairman of the Committee 
on Papers, one entire day—June 26— 
of the Annual Convention at Niagara 
Falls, N. Y. during the week beginning 
June 24, 1907, will be devoted to the 
reading and discussing of the following 
"Introductions to Discussion" 


“Extra Insulation of End-Turns of 
Transformer Windings as a Substi- 
tute for Lightning-Arrester Choke- 
Coils,” by S. M. Kintner. 


"Extra Insulation. of End-Turns of 
Transformer Windings as a Substi- 
tute for Lightning Arrester Choke- 
Coils," by Walter S. Moody. 

'" Transmission Line Towers and Econ- 
omical Spans," by D. R. Scholes. 

" Lightning-Rods and Grounded Cables 
as a means of Protecting Trans- 
mission Lines against Lightning," 
by Norman W. Rowe. 

"The Transmission Plant of the Ni- 
agara, Lockport, and Ontario Power 
Company," by Ralph D. Mershon. 
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" Location of Broken Insulators and 
Other Transmission-Line Troubles,” 
by L. C. Nicholson. 


Applications for Election 


Applications have been received by 
the Secretary from the following can- 
didates for election to the Institute as 
Associates; these applications will be 
considered by, the Board of Directors 
at a future meeting. 

Any Member or Associate objecting 
to the election of any of these candi- 
dates should so inform the Secretary 
before May 21, 1907. 


6009 Wm. Beneze, Baltimore, Md. 
6010 Einar Brofos, Chicago, lll. 
6011 W. B. T. Belt, Omaha, Neb. 
6012 E. W. Crane, Orizaba, Mexico. 
6013 F. A. Chamberlain, Philadelphia. 
6014 C. E. Clewell, Bethlehem, Pa. 
6015 H. W. Eells, New York City. 
6016 Edward Gottlieb, Boston, Mass. 
6017 J. D. Gaboury, Gadsden, Ala. 
6018 H. R. Gabay, New York City. 
6019 H. U. Hart, Hamilton, Ont. 
6020 J. F. Howard, Jersey Shore, Pa. 
6021 A. L. Jones, Schenectady, N. Y. 
6022 Dirk Kos, Niagara Falls, N. Y. 
6023 R. Meriweather, Louisville, Ky. 
6024 Barry McNutt, Bethlehem, Pa. 
6025 H. B. Morrell, Brooklyn, N. Y. 
6026 H. B. Oakman, New York City. 
6027 P. D. Parsons, Philadelphia, Pa. 
6028 C. L. Parrington, Dunedin, N. Z. 
6029 Otto Pruessman, Chicago, Ill. 
6030 G. C. Thornton, Birmingham, Ala. 
6031 Wm. G. Wall, Indianapolis, Ind. 
6032 W. A. Barrett, Missoula, Mont. 
6033 V. R. N. Cowsik, Mysore, India. 
6034 H. B. Dorman, Toledo, O. 
6035 W. С. Fox, New York City. 
6036 L. J. Flint, Chicago, Ill. 
6037 C. R. Gill, Sacramento, Cal. 
6038 C. B. Gilson, Wilkinsburg, Pa. 
6039 J. H. Hunt, St. Louis, Mo. 
6040 A. St. J. Hill, Norwalk, Conn. 
6041 A. W. Helmholtz, Chicago, Ill. 
6042 W. Hess, Bale Munchenstein, 
Switzerland. 
6043 S. M. McFedries, Chicago, Ill. 
6044 R. Roth, Mexico City, Mex. 
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6045 
6046 
6047 
6048 
6049 
6050 
6051 
6052 
6053 
6054 
6055 
6056 
6057 
6058 
6059 
6060 
6061 
6062 
6063 
6064 
6065 
6066 


6067 
6068 
6069 
6070 
6071 
6072 
6073 
6074 
6075 
6076 
6077 
6078 
6079 
6080 
6081 
6082 
6083 
6084 
6085 
6086 
6087 
6088 
6089 
6090 
6091 
6092 
6093 


6094 
6005 
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L. P. Russell, Boston. Mass. 

M. S. Sloan, Birmingham, Ala. 
F. R. Stone, Bakersfield, Cal. 

H. R. Stevens, Seattle, Wash. 

J. Schuermann, Wilkesbarre, Pa. 
J. E. Sweeney, Pine Beach, Va. 

C. G. Thockmorton, Omaha, Neb. 
D.M. Ashbridge, Philadelphia, Pa. 
Reginald Belfield, London, Eng. 
H. L. Bright, Brooklyn, N. Y. 

S. F. Jones. Brooklyn, N. Y. 

J. H. McDougal, Corvallis, Ore. 
F. A. Schroeder, Johnstown, Pa. 
L. K. Sager, New York City. 

W m. McC. Sawyer, Bangor, Me. 
Е. Koschcrak, Paris. France. 

L. W. Walker, North Platte, Neb. 
H. L. Burns, New York City. 

E. P. Beckwith, Garrison, N. Y. 
A. R. Bingham, Corinth, N. Y. 
L. J. Deremo, Cincinnati, O. 


W. A. Houghtaling, Baltimore, 
Md. 
Hoff, Jr.. St. Paul, Minn. 


. B. Jones, Schenectadv, N. Y. 

. Y. Sayer, New York City. 

. H. Kyser, Talladega, Ala. 
. H. Bailev, Kansas City, Mo. 

. M. Diehl, Provo, Utah. 

. M. Frantz, Chicago, Ill. 

. W. Gerhardt, Schenectadv, N. Y 
. L. Harrington, Wilkinsburg, Pa 
. H. Hessin, Pontiac, Ill. 

. G. Haldy, Glenbrook, Conn. 

. E. Murty, Shamokin, Pa. 

. M. Newbold, Chicago, Ill. 

. W. Osgood, Boston, Mass. 

. D. Rapelji, Brooklyn, N. Y. 

. G. Smith, Toronto, Ont. 

. S. Tucker, Charlotte, N. C. 

. J. Wiegand, Milwaukee, Wis. 

. К. Aanes, Brookings, S. D. 
Bigelow, Norwich, Conn. 

. F. Bush, Jr., Philadelphia, Pa. 
E. Carter, Madison, Wis. 
М ke Danner, Oak Park, Ill. 
J. P. Dinsmore, Chicago. IN. 
C. L. Howk, Chicago, Ill. 
J. W. Hulbert, Jr., Auburn, N. Y. 
E. H. Minehardt, Gaylordsville, 

Conn. 

Taliaferro Milton, Cleveland, O. 
J. S. Maltman, Kankakee, Ill. 
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6096 
6097 
6098 
6099 
6100 
6101 
6102 
6103 
6104 
6105 
6106 
6107 
6108 
6109 
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6111 
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6117 
6118 
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6129 
6130 
6131 
§132 
6133 
6134 
6135 
6136 
6137 
6138 
6139 
6140 
6141 


6142 
6143 
6144 
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W.S. Munro, Terre Haute, Ind. 

W m. F. Neiman, Berkeley, Cal. 

E. A. R. Nowlan, Chicago, Ill. 

L. P. Perry, Clemmons, N. C. 

J. J. Rooney, New York City. 

H. L. Davisson, New York City. 

R. B. Kellogg, Hartford, Conn. 

W. L. Hartzell, Baltimore, Md. 

N. H. Black, Cambridge, Mass. 

Harry Goldberg, New York City. 

A. J. Hixon, Braintree, Mass. 

E. E. Ranney, Chicago, lll. 

С. №. Smith, Austin, Tex. 

L. D. Waldron, Buffalo, N. Y. 

G. M. Willis, Chicago, Ill. 

J. L. Harrington, New York City. 

L. M. McBride, Denver, Colo. 

W. A. Redshaw, New Brunswick, 
N. J. 

Shepherd, Wilkesbarre, Pa. 

Tristian, Brooklyn, N. Y. 

Barnes, Kansas Citv, Mo. 

Bidwell, Chicago, Ill. 

Clarke, New York City. 

Hill, New York City. 

Hinrichsen, Chicago, Ill. 

Mahoney, Boston, Mass. 

Newcombe, Ithaca, N. Y. 

Pope, New York City. 

Sakai, Pittsburg, Pa. 

D. C. Woodard, Schenectady, 
N. X. 

J. Zimmerman, Newark, N. J. 

Austin Burt, Waterloo, Ia. 

D. F. Bernhardt, New Brighton, 
N. Y. 

W. E. Barrows, Jr., Chicago, Ill. 

Earl B. Hoff, Toledo, O. 

E. E. Cary, New York Citv. 

H.W. DeVed, New Rochelle, N.Y. 

Wm. A. Hill, Toledo, O. 

T. €. Langdell, Albany, №. Y. 

Allan Ramsey, St. Louis, Mo. 

E. E. Winters, Brooklvn, N. Y. 

W. J. Bishop, Milwaukee, Wis. 

E. J. Bartlett, Hartford, Conn. 

J. J. Caufield, Schenectady, N. Y. 

A. L. Duckett, Asheville, N. С. 

E. H. Hoppenstedt, Brooklyn, 
N. Y. 

H. H. Hunt, Savannah, Ga. 

W. H. Hoag, New Orleans, La. 

Wm. S. Jones, Philadelphia, Pa. 


G. E. 
R. M. 
W.F. 
C. D. 
H. P. 
Т.А. 
Е. Е. 
7. М. 
R. E. 
A. E. 
Y. 
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6145 Wm. Roberts, Akron, O. 

6146 John Stack, Chicago, Ill. 

6147 J. E. Woodwell, Washington, D.C. 

6148 Wm. Bradford, Lincoln, Neb. 

6149 Wm. B. Beals, Baltimore, Md. 

6150 T. A. Banning, Jr., Chicago, Ill. 

6151 C. E. Fairbanks, Newark, N. J. 

6152 W. W. Grant, New York City. 

6153 R. M. Henderson, Chicago, Ill. 

6154 P. L. McCain, Schenectady, N. Y. 

6155 A. D. Rickenbacher, Washington, 
D. C. 

6156 M. Silverman, Olean, N. Y. 

6157 J. J. Woolfenden, Detroit, Mich. 

6158 G. L. Yates, Mt. Vernon, N. Y. 

6159 C. C. Brown, Philadelphia, Pa. 

6160 J. N. Downey, Camden, N. J. 

6161 N. E. Funk, Atlanta, Ga. 


6162 F. H. Foster, Flushing, L. I., N. Y. 


6163 H. P. James, Bridgeport, Conn. 
6164 R. Josephi, New York City. 
6165 C. D. Little, Montclair, N. J. 


6166 O. D. McClure, Ishpeming, Mich. 
6167 R. F. Mather, Lac du Bonnet, Man. 


6168 R. Rankin, Sao Paulo, Brazil. 
6169 W. M. Skiff, Cleveland, O. 

6170 H. C. Houck, Cincinnati, O. 

6171 A. E. Ranney, New York City. 
6172 A. G. Ellis, London, Eng. 

6173 H. LeR. Hope, Chicago, Ill. 

6174 H. H. Hoy, Brookings, S. D. 
6175 J. Sibbald, Gloversville, N. Y. 
6176 J. B. Tingley, Madison, Wis. 
6177 Wm. F. Yeager, Chester, Pa. 
6178 F. E. Bullock, Baltimore, Md. 
6179 F. E. Chappelow, St. Louis, Mo. 
6180 E. E. Loomis, Schenectady, №. Y. 
6181 H. A. Steen, Edgewood Park, Pa. 
6182 J. E. Webster, Pittsburg, Pa. 
6183 J. M. Weed, Pittsburg, Pa. 

6184 A. T. Beazley, Schenectady, N. Y. 
6185 Wm. N. Miller, Detroit, Mich. 
6186 W. Arnstein, San Francisco, Cal. 
6187 A. A. Atkinson, Athens, O. 

6188 E. Corrigan, Baltimore, Md. 

6189 H. C. Dieher, Tamaqua, Pa. 

6190 R. A. Gulick, Visalia, Cal. 

6191 E. H. Lane, Brooklyn, N. Y. 
6192 J. Muirhead, Rugby, England. 
6193 О. M. Roberts, Orangeburg, S. C. 
6194 C. D. Richardson, Cambridge, Mas 
6195 H. N. Stillman, Philadelphia, Pa. 
6196 T. M. Smith, E. Orange, N. J. 
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6230 
6231 
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F. M. Sturgess, Chicago, Ill. 

C. H. Taylor, So. Wellfleet, Mass. 

C. E. Watrous, New York City. 

A. Allison, Dunedin, N. Z. 

J. Adams, Los Angeles, Cal. 

C. H. Christensen, Missoula, Mont. 

N. B. Davis, Wilkinsburg, Pa. 

J. J. Dorney, St. Louis, Mo. 

F. V. Greene, Buffalo, N. Y. 

Selby Haar, Schenectady, №. Y. 

R. T. Knaur, Vienna, Austria. 

J. €. Zengerle, Brooklyn, N. Y. 

G. W. Meadows, Lambert Pt., Va. 

O. L. Morgenstern, Brooklyn, N.Y. 
Harold Plumley, Chicago, Ill. 

A. B. Reynders, Pittsburg, Pa. 
D. Sadler, Great Falls, S. C. 
Clarence E. Watts, Windber, Pa. 
R. Wesselhoeft, Shanghai, China. 

J. A. Beckstrom, St. Paul, Minn. 
F. W. Gay, Ampere, N. J. 

L. E. Hamilton, Elyria, O. 

J. A. Nornam, Terre Haute, Ind. 

. H. Seaver, San Francisco, Cal. 

. H. Tolman, New York City. 
F. Woodhead, Albuquerque, 

N. M. 

Atkinson, Baton Rouge, La. 

Ellis, Plant City, Fla. 

Evans, Jr., Wilkinsburg, Pa. 
Backus, Washington, D. C. 

enry G. Blakeney, Dallas, Tex. 

llan Chapman, Buffalo, N. Y. 

. L. Crosby, Cleveland, O. 

. E. Fox, Greenwich, Conn. 

. L. Harrison, Chicago, Ill. 

. S. Harris, Swarthmore, Pa. 

D. J. Kerr, Canton, N. C.. 

F. MacLehose, New York City. 

H. D. Bailey, New York City. 

L. R. Morshead, Liverpool, Eng. 

W. B. Purse, Savannah, Ga. 

T. Pinckney, Asheville, N. C. 

A. H. Potter, Minneapolis, Minn. 

L. A. Pease, Highwood, Ill. 

C. V. Rapelji, Brooklyn, N. Y. 

G. Robinson, St. Paul, Minn. 

G. Sexas, New York Citv. 

E. 

R. 
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D. 
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Silver, Raleigh, N. C. 
Shover, Gray, Ind. 
F. Schaefer, New York City. 
W. Van Riper, Bronx, N. Y. 
P. A. Westburg, Chicago, Ill. 


P. 
T. 
A. 
B. 
E. 
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6249 L. G. Yochum, Brooklyn, N. Y. 
6250 W. A. Carter, Denver, Colo. 
6251 M. C. Henderson, Dunedin, N. Z. 
6252 J. P. Hansen, Joliet, III. 
6253 W. H. Leonard, Toledo, O. 
6254 I. N. Lewis, Ft. Monroe, Va. 
6255 G. J. McElwee, Launceston, Tas- 
mania. 
6256 H. W. Matthews, Great Falls, S.C. 
6257 J. H. Warder, Chicago, Ill. 
6258 P. M. Brown, Turbine P. O., Ont. 
6259 W. T. Bivins, San Francisco, Cal. 
6260 R. C. Downing, Buffalo, N. Y. 
6261 J. T. Fuller, Plant City, Fla. 
6262 J. N. Gilbert, Norwich, Conn. 
6263 M. D. Gould, Buffalo, N. Y. 
6264 C. H. Messer, Spokane, Wash. 
6265 W. McK. McClintock, St. Paul, 
Minn. 
6266 M. L. Norris, Fort Wayne, Ind. 
6267 Geo. Nixon, Spokane, Wash. 
6268 A. Press. Washington, D. C. 
6269 E. F. Smith, Chicago, Ill. 
6270 J. H. Smeaton, Lac du Bonnet, 
Man. 
H. L. Steiner, Cleveland, O. 
6272 C. E. Vawter, Jr., Blacksburg, Va. 
6273 G. T. Wood. Rugbv, England. 
6274 S. E. Woodburv, Cambridge, Mass 
6275 H. B. Zimmerman, Buffalo, N. Y. 
6276 Drury W. Cooper, New York, N.Y. 
6277 Guy LeRoy Current, Bklvn,, N.Y. 
6278 H. A. Coussirat, New York, N. Y. 
6279 A J. Graham, New York, N. Y. 
6280 C. H. Leighton, Newton, Upper 
Falls, Mass. 


Total, 273. 


Applications for Transfer 


Recommended for transfer bv the 
Board of Examiners, Apr. 12, 1907. 
Any objection to these transfers should 
be filed at once with the Secretary. 


Francis Lyman GILMAN, telephone en- 
gineer, 463 West St., New York City. 

EbwiN SIBLEY WEBSTER, electrical en- 
gineer, Stone & Webster, 84 State St., 
Boston, Mass. 

CHARLES AUGUSTUS STONE, electrical 
engineer, Stone & Webster, 81 State 
St.. Boston, Mass. 


[April 


Associate Societies in the 
Engineers' Building 


1. National Electric Light Associa- 
tion. 

2. National Fire Protective Associa- 
tion. 

3. American Street Railway and In- 
terurban Railway Association. 

4. New York Electrical Society. 

5. Society of Naval Architects and 
Marine Engineers. 

6. Municipal Engineers of the City of 
New York. 

4. Technical Society of New York. 

8. Illuminating Engineering Society. 


Personal 


MR. Louis MUHLHEIZLER has been 
made chief engineer of the Pittsburg 
and Allegheny Telephone Co., of Pitts- 
burg, Pa. 


MR. CLirToN V. EpwaRDs, patent 
lawyer, has removed his offices to the 
United States Express Building, No. 2 
Rector Street, New York City. 


Mr. C. К. ТАТЕМ, formerly salesman 
Buffalo otfice Allis-Chalmers Company, 
has been appointed acting district 
manager of that Company's Buffalo 
office. 


MR. Georce К. Woop, Consulting 
Electrical Engineer, has removed from 
the Fulton building to enlarged quarters 
at 1207-8 Park building, Pittsburg, 
Pa. 


Mr. E. S. Nortuup has been ap- 
pointed by the New York civil service 
commission as a mechanical-electrical 
draftsman, and is located in the Bronx 
Municipal building. 


MR. E. LANG, purchasing agent of the 
Wheeler Condenser & Engineering Co., 
has removed his office from 42 Broad- 
way, to the West Street Building, West 
and Cedar Streets, New York. 
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Mr. A. W. CoPLEY is at Mount 
Vernon, New York, making tests on 
the New York, New Haven and Hart- 
ford Railroad, for the Westinghouse 
Electric and Manufacturing Company. 


Mr. C. Н. Vom Baur has changed 
his address to Massena, N. Y., with 
the Indestructible Fibre Co. This 
company makes three kinds of fibre 
board of any size and thickness, having 
wood pulp as a base. 


Mr. Н. C. Gorpnick, formerly south- 
em sales manager of the Kellogg 
Switchboard and Supply Company, is 
now in charge of the new Canadian 
office of that company, located in 
Winnipeg. Manitoba. 


Mr. H. A. Scorr has left the Wil- 
liamsburg Paper Manufacturing Com- 
pany of Williamsburg, Pa., to accept 
a position as electrical engineer with the 
Horseshoe Forestry Company, with 
headquarters at Horseshoe, New York. 


Mr. R. A. Laxcwortuy has been 
transferred bv Ford, Bacon and Davis, 
from Birmingham, Ala., to Nashville, 
Tenn. He will have charge of designing 
the layout forseveral new turbine units 
to be installed in the power station at 
Nashville. 


Mr. FaARLEY Oscoop has resigned his 
position as general manager and chief 
engineer of the New Milford Power Com- 
pany, the well-known hydroelectric 
high-tension system of Connecticut. 
Mr. Osgood's resignation takes effect 
May 31, 1907, but he does not care to 
divulge his future plans just at this 
time. 


Mr. J. С. Rossman, consulting engi- 
neer, formerly of Atlanta, Ga., has re- 
turned from an extended trip to Cali- 
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fornia, Northwest, and Black Hills, So. 
Dakota, and has taken offices in the 
Broad-Exchange Building, 25 Broad 
street, New York City, making a spe- 
cialty of water power and electric de- 
velopments. 


Mr. R. Nei, WiLLiAMs, formerly 
assistant professor of electrical engi- 
neering, under Dr. Charles P. Steinmetz 
at Union Universitv, Schenectady, New 
York, has returned to practical work 
with the General Electric Company, 
and is at present in the power and 
mining department of the Baltimore 
office of that company. 


consulting 


Mr. W. А. BLONCK, 
engineer in Chicago, has moved to 
larger quarters, and now occupies 


suite 404 Fisher Building. Mr. Blonck 
has recently designed a number of large 
industrial power plants and is now 
working on several hydroelectric de- 
velopments in the West, as well as on 
various interurban railway properties. 


D. W. Вьірох, who for several years 
past has been general manager of the 
Phoenix Light and Fuel Company is 
now located at Tucson, Arizona. On 
the taking over of the Phoenix Light 
and Fuel Company by the Pacific Gas 
Company of Los Angeles, Cal., some 
time ago, Mr. Beldon became associated 
with the Westinghouse Electric and 
Mamufacturing Co., taking charge of its 
recently opened office in the Santa Rita 
Building in Tucson, Arizona. 


MR. ELBERT С. ALLEN has been trans- 
ferred from the position of electrical 
and mechanical engineer of the Seattle 
Electric Companv, of Seattle, Washing- 
ton, which position he has held for 
more than four years, and is now one of 
the staff of the Stone and Webster 
Engineering Corporation. At present he 
is superintendent of construction of 
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some additions which the corporation is 
making to the power plant of the Dallas, 
(Texas) Electric Light and Power Co. 


. Mr. ALBERT ЅРІЕЅ has taken over 

the editorship of the Electrical Record 
beginning with February of this year. 
Immediately previous to that date, 
he had been editor of Cassier's Magazine, 
almost from the very beginning of that 
publication, 1893, to the end of 1906. 
During part of that period— January 
1904, to March 1906 he had been 
editing in addition, the Electrical Age, 
serving as Vice-president to both the 
Cassier Magazine Company, and the 
Electrical Age Company. 


Mr. D M. Swink has resigned his 
position as erecting engineer with the 
Baltimore office of the Westinghouse 
Electric and Manufacturing Co., to 
become superintendent of the Win- 
chester and Washington City Railway 
Co., a company at present operating a 
lighting system in Winchester, Va., 
Berryville, Va., Charlestown, W. Va., 
and Millville, W. Va. The main station, 
near Millville, on the Shenandoah 
river, transmits at 22,000 volts, serving 
the towns en route to Winchester, 
about thirty miles. 


Sir WiLLIAM HENRY PREECE, K.C.B., 
F.R.S., was delegated by the council of 
the Institution of Electrical Engineers 
to represent that organization at the 
dedicatory exercises, April 16, and 17. 
He also officiated as honorary chairman 
of the special meeting of the Institute 
April 15. He attended the first regular 
meeting held at Philadelphia, October 7 
and 8, 1884, and after the International 
Electrical Congress in Chicago, he took 
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part in the New York meeting, Sep- 
tember 20, 1893. Sir William has a wide 
circle of warm friends in this country 
who will be pleased to know that he 
expects to revisit America in the fall. 
He sailed April 23 on the Carmania. 


Obituary 


GENERAL EUGENE GRIFFIN, first vice- 
president of the General Electric Com- 
pany, died suddenly of apoplexy, April 
11, at Schenectady. General Griffin 
was born in Ellsworth Maine, October 
13, 1855. He was graduated from the 
United States Military Academy in 
the class of 1875, and was immediately 
appointed a second lieutenant in the 
Engineer corps of the army, serving 
fourteen years, and rising to the rank 
of captain. While a member of the 
engineering staff of the District of 
Columbia, he prepared a report on 
electric railways for the government. 
He subsequently entered the service 
of the Thompson-Houston Electric Com- 
pany, devoting his attention to the 
development of the electric railway. 

He returned to active service in the 
army during the Spanish-America war, 
and organized the First Regiment 
United States Volunteer Engineers, 
and was appointed to its command with 
the rank of a colonel. He was promoted 
to the rank of brigadier-general of 
volunteers January 21, 1899. He was 
elected an Associate of the American 
Institute of Electrical Engineers, Feb- 
ruary 7, 1890, and was transferred to 
the grade of Member, April 27, 1906. 
As a member of the Land and Building 
Fund Committee, he was in a position 
to perform effective service of great 
value to the Institute in which he was 
deeply interested. — His remains were 
interred at West Point with full military 
honors. 
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Officers and Board of 
Directors, 1906-1907. 


PRESIDENT. 


Term expires 1907. 
SAMUEL SHELDON, Brooklyn, N. Y. 


JUNIOR PAST-PRESIDENTS. 


JOHN W. LIEB, JR., New York, N. Y. 
SCHUYLER S. WHEELER, Ampere, N. J. 


VICE-PRESIDENTS. 


Term expires 1907. 
CHARLES A. TERRY, New York, N. Y. 


TOWNSEND WOLCOTT, New York, N. Y. 


GANO DUNN, Ampere, N. J. 


Term expires 1908. 
A. H. ARMSTRONG, Schenectady, N. Y. 
PRANK G. BAUM, San Francisco, Cal. 
H. H. HUMPHREY, St. Louis, Mo. 


MANAGERS. 


Term expires 1907. 
C. O. MAILLOUX, New York, N. Y. 
HENRY G. STOTT, New York, N. Y. 
JAMES G. WHITE, New York, N. Y. 
LOUIS A. FERGUSON, Chicago, Ill. 


Term expires 1908. 


CUMMINGS C. CHESNEY, Pittsfield, Mass. 
BANCROFT GHERARDI, New York, N Y. 


CALVERT TOWNLEY, New Haven, Conn. 
CHARLES L. EDGAR, Boston, Mass. 


Term expires 1909. 
A. M. SCHOEN, Atlanta, Ga. 
PAUL SPENCER, Philadelphia, Pa. 
JOHN J. CARTY, New York, N. Y. 
PAUL M. LINCOLN, Pittsburg, Pa. 


TREASURER. 
Term expires 1907. 


GEORGE A. HAMILTON, New York, N. Y. 


SECRETARY. 


Term expires 1907. 
RALPH W. POPE, New York, N. Y. 


Past-Presidents. 


NORVIN GREEN, 1884-5-6. 
PRANKLIN L. POPE, 1886-7. 
T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 
BLIHU THOMSON, 1889-90. 

W. A. ANTHONY, 1890-91. 
ALEX. GRAHAM BELL, 1891-2. 
FRANK J. SPRAGUE, 1892-3. 
EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 
FRANCIS B. CROCKER, 1807-8. 
A. B. KENNBLLY, 1898-1900. 
CARL HERING, 1900-1901. 
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CHARLES P. STEINMETZ, 1901-2 
CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, JR., 1904-5. 
SCHUYLER S. WHEELER, 1905-6. 


GENERAL COUNSEL. 
PARKER and AARON, New York, N. Y. 


Standing Committees. 


EXECUTIVE COMMITTEE. 


SAMUEL SHELDON, Chairman, 
Polytechnic Institute, Brooklyn, N. Y. 
JOHN J. CARTY, New York, N. Y. 
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GEORGE A. HAMILTON, New York, N. Y. 


RALPH W. POPE, New York, N. Y. 
HENRY G. STOTT, New York, N. Y. 
CHARLES A. TERRY, New York, N. Y. 
CALVERT TOWNLEY, New Haven, Conn. 


COMMITTEE ON FINANCE. 


JOHN J. CARTY, Chairman, 

18 Cortlandt St., New York, N. Y. 
GANO DUNN, Ampere, N. J. 
JAMES G. WHITE, New York, N. Y. 


COMMITTEE ON PAPERS. 


HENRY G. STOTT, Chairman, 

600 W. 59th St., New York, N. Y. 
BERNHARD A. BEHREND, Norwood, O. 
HENRY A. LARDNER, New York, N. Y 
PAUL M. LINCOLN, Pittsburg, Pa. 


E. WILBUR RICE. JR., Schenectady, N. Y. 


BOARD OF EXAMINERS. 


WILLIAM MAVER, JR.. Chairman, 
136 Liberty St., New York, N. Y. 


H. FLEETWOOD ALBRIGHT, New York, N. 


FRANK W. ROLLER, New York, N. Y. 
LEWIS B. STILLWELL, New York, N. Y. 
TOWNSEND WOLCOTT, New York, N. Y 


LIBRARY COMMITTEE. 


WILLIAM J. JENKS, Chairman, 
120 Broadway, New York, N. Y 
EDWARD CALDWELL, New York, N. Y. 


Y. 


CHARLES F. CHANDLER, New York, N. Y. 


CHARLES A. TERRY, New York, N. Y. 
F. N. WATERMAN, New York, N. Y. 


EDITING COMMITTEE. 
THOMAS J. JOHNSTON, Chairman, 
11 Pine St., New York. N. Y. 
GANO DUNN, Ampere, N. J. 
CECIL P. POOLE, New York, N. Y. 
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Special Committees. 


STANDARDIZATION COMMITTEE. 


FRANCIS B. CROCKER, Chairman, 

Columbia University, New York, N. Y. 
ARTHUR W. BERRESFORD, Milwaukee, Wis 
DUGALD C. JACKSON, Madison, Wis. 
ARTHUR E. KENNELLY, Cambridge, Mass. 
C. O. MAILLOUX, New York, N. Y. 

ROBERT B. OWENS, Montreal, Can. 
CHARLES F. SCOTT, Pittsburg, Pa. 
HENRY G. STOTT, New York, N. Y. 
CHARLES P. STEINMETZ, Schenectady, N. Y 
SAMUEL W. STRATTON, Washington, D. C. 
ELIHU THOMSON, Lynn, Mass. 


COMMITTEE ON LAW, 


C O. MAILLOUX, Chairman, 

76 William St., New York. N. Y. 
ALBERT H. ARMSTRONG, Schenectady, N. Y. 
CLAYTON W. PIKE, Philadelphia, Pa. 
PAUL SPENCER, Philadelphia, Pa. 
CHARLES A. TERRY, New York, N. Y. 


BUILDING FUND COMMITTEE. 


T. COMMERFORD MARTIN, Chairman, 
114 Liberty St., New York, N. Y. 
JOHN C. BARCLAY, New York, N. Y. 
JOHN J. CARTY, New York, N. Y. 
CHARLES L. EDGAR, Boston, Mass. 
FRANCIS W. JONES, New York, N. Y. 
JOHN W. LIEB, JR.. New York, N. Y. 
FRANK J. SPRAGUE, New York, N. Y. 
JAMES G. WHITE, New York, N. Y. 


COMMITTEE ON FOREST PRESERVATION, 


FREDERIC A. C. PERRINE, Chairman, 
60 Wall St.. New York, N. Y. 
HORATIO A. FOSTER, Baltimore, Md. 
PHILIP G. GOSSLER, New York, N. Y. 
WILLIAM P. JUDSON, Broadalbin, N. Y. 
HENRY A. PRESSEY, Washington, D. C. 
CHARLES A. WADDELL, Biltmore, N. C. 


COMMITTEE ON A CODE OF ETHICS, 


SCHUYLER SKAATS WHEELER, Chairman, 
Ampere, N. J. 

HAROLD W. BUCK, New York, N. Y. 

CHARLES P. STEINMETZ, Schenectady, N. Y 


COMMITTEE ON INCREASE OF MEMBERSHIP, 


PERCY H. THOMAS, Chairman, 

111 Broadway, New York, N. Y. 
FREDERICK C. BATES. New York, N. Y. 
AINSLIE A. GRAY, New York. N. Y. 
FREDERICK L. HUTCHINSON, New York. 
E B. MERRIAM, Schenectady, N.Y. 
EDWIN H. SEAMAN, Winston-Salem, N.C. 


HIGH-TENSION TRANSMISSION COMMITTEE. 
RALPH D. MERSHON, Chairman, 

60 Wall St., New York, N. Y. 
FRANK G. BAUM, San Francisco, Cal 
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FRANCIS O. BLACKWELL, New York, N. Y. 
CUMMINGS C. CHESNEY, Pittsfield, Mass. 

M. H. GERRY, JR., Helena, Montana. 

PAUL M. LINCOLN, Pittsburg, Pa. 
RAYMOND S. MASSON, Los Angeles, Cal. 
WALTER S. MOODY, Schenectady, N. Y. 


COMMITTEE ON TELEPHONY. 


KEMPSTER B. MILLER, Chairman, 
Monadnock Building, Chicago, Ill. 
EDWARD E. CLEMENT, Washington, D.C. 
WILLIAM W. DEAN, Elyria, O. 
BANCROFT GHERARDI, New York, N. Y. 
FRANK R. McBERTY, New York. 


COMMITTEE ON BIBLIOGRAPHY. 
WILLIAM D. WEAVER, New York, N. Y 


NATIONAL ELECTRIC CODE COMMITTEE. 


FREDERIC A. C. PERRINE, Chairman, 
60 Wall St., New York, N. Y. 
JOSEPH C. FORSYTH, New York, N. Y. 
A. M. SCHOEN, Atlanta, Ga. 
GEORGE F. SEVER, New York, N. Y. 
H. A. SINCLAIR, New York, N. Y. 
ARTHUR WILLIAMS, New York, N. Y. 
CHARLES J. H. WOODBURY, Boston, Mass. 


LOCAL ORGANIZATION COMMITTEE. 


PAUL SPENCER, Chairman, 

Broad and Arch Sts., Philadelphia, Pa. 
LOUIS A. FERGUSON, Chicago, Ill. 
WINDER E. GOLDSBOROUGH, New York. 
HENRY H. HUMPHREY, St. Louis, Mo. 
KEMPSTER B. MILLER, Chicago, Ill. 
HENRY H. NORRIS, Ithaca, N. Y. 

DAVID B. RUSHMORE, Schenectady, N. Y. 


EDISON MEDAL COMMITTEE. 


JOHN W. HOWELL. Chairman. 
BANCROFT GHERARDI, Secretary. 
CHARLES S, BRADLEY. 
CHARLES L. CLARKE. 
CHARLES L. EDGAR. 

JOHN F. KELLY. 

T. COMMERFORD MARTIN 
CHARLES F. SCOTT. 

WM. HAND BROWNE, Jr. 
HENRY L. DOHERTY. 

GEO. A. HAMILTON. 
SAMUEL REBER. 

FRANK J. SPRAGUE. 
TOWNSEND WOLCOTT. 
HENRY G. STOTT. 


REPRESENTATIVES ON BOARD OF AWARD 
JOHN FRITZ MEDAL. 

BION J. ARNOLD. 

JOHN W. LIEB, Jr. 

SCHUYLER SKAATS WHEELER. 

SAMUEL SHELDON. 
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Local Secretaries. 


AMES, IOWA.—ADOLPH SHANE, 
Iowa State College. 


ANN ARBOR, MICH.—C. J. WHIPPLE, 
556 South State St. 


ATLANTA, GA.—W R. COLLIER, 
463 North Jackson St. 


BALTIMORE MD.—CHAS. G. EDWARDS, 
Electrical Commission, City Hall. 


BETHLEHEM, PA.—M. T. SALDANA, 
Lehigh University. 


BOSTON, MASS.—C. H. PORTER, 
Dept. of Elec. Eng., Mass. Inst. Technolozy. 


BOLLDER, COLO.—A. C. STREAMER, 
University of Co'orado. 


CHICAGO, ILL.—C. E. FREEMAN, 
Armour Inst. of Technology 


CHICAGO, ILL.—H. R. KING, 
Western Electric Co. 


CINCINNATI, O.—LAURENT LOWENBERG, 
Bullock Elec. Mfg. Co. 


COLUMBIA, MO.—H. D. CARPENTER, 
University of Missouri. 


COLUMBUS, 0.—Е. E. BEUTLER. 
. Ohio State University. 


COLUMBUS, 0.—H L. COOK, 


Engineers’ Club. 


FAYETTEVILLE, ARK.—K. A. REED, 
University of Arkansas. 


ITHACA, N. Y.—H. H. NORRIS, 
Franklin Hall, Cornell University. 


LAFAYETTE, IND.—J. W. ESTERLINE, 


{Electrical Eng. Dept., Purdue University. 


MADISON, WIS.—J. W. SHUSTER, 
University of Wisconsin. 


PHILADELPHIA, PA.—H. F. SANVILLE, 
597 Drexel Bidg. 


PITTSBURG, PA.—H. D. JAMES, 
Westinghouse E. & M. Co. 


PITTSFIELD, MASS.—S. H. BLAKE, 
Stanley-G. I. Elec. Mfg. Co. 


ST. LOUIS, MO —W. E. BRYAN, 
Washington University. 


ST. LOUIS, MO.—J. H. FINNEY. 
Nat'l Bank of Commerce Bldg. 


ST. PAUL, MINN.—BARRY DIBBLE, 
1317 Summit Ave. 


SAN FRANCISCO, CAL.—A. H. BABCOCK, 
1216 Webster St., Oakland. 


SCHENECTADY, N. Y.—E. E. F. CREIGHTON 
General Electric Co. 


SEATTLE, WASH.—W. S. WHEELER, 
3120 East Union Street. 


STATE COLLEGE, PA.—H. L. FREDERICK, 
Pennsylvania State College. 


SYRACUSE, N. Y.—R. A. PORTER, 
Syracuse University. 


TORONTO, ONT.—L. W. PRATT, 
306 Stair Building. 


URBANA, ILL.—M. К. AKERS, 
University of Illinois, 


WASHINGTON, D. C.—PHILANDER BETTS, 
“The Oakland.” 


WORCESTER, MASS.—A. T. CHILDS, 
Worcester Poly Inst, 


Local Honorary Secretaries. 


JAMES S. FITZMAURICE, 
210 George St., Sydney, N. S. W. 


H. P. PARSHALL, 
Salisbury House, London Wall E. C., London. 


ROBERT B. OWENS, 
McGill University, Montreal, P. Q 


WM. B. HALE, 
Arco de San Agustin 8, City of Mexico. 


CLARE F. BEAMES, 


(for Porto Rico and West Indies,] 
San Juan, P. R. 


W. С. T. GOODMAN, 
Dunedin, New Zealand. 


Mar. 25, '04 


STUDENT MEETINGS. 


Armour Institute. ..Feb 
Ohio State Univ. . ..Dec 


Penn. State College.Dec 
Univ. of Arkansas.. Mar 
Univ. of Colorado. . Dec 
Univ. of Michigan.. Mar 
Univ. of Missouri... Jan 


Washington Univ. ..Feb 


C. E. Freeman 


H. C. Bartholomew 


C. L. Christman 
W. B. Stelzner. 
J. N. Kellogg. 
Kenneth Barry 
H. B. Shaw 

A. S. Langsdorf 


C. E. Freeman 


F. E. Beutler 


H. L. Frederick 
K. A. Reed. 

A. C. Streamer. 
C. J. Whipple. 
H. D. Carpenter. 
W. E. Bryan. 
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LOCAL ORGANIZATIONS—DIRECTORY. 
Branches Organized. Chairman. Secretary. Branch Meets. 
BRANCHES. 
Atlanta............ Jan. 19, '04 | A. M. Schoen. W. R. Collier. 
Baltimore......... Dec. 16, '04 | J. B. Whitehead. C. G. Edwards. 2d Friday. 
Вовќоп...... . .Feb. 13, '03 | Н. E. Clifford. C. H. Porter. 3d Wednesday 
Chicago................. 1893 | P. B. Woodworth. H. R. King. lst Tuesday after 
N. Y. meeting. 
Cincinnati . .Dec. 17, '02 | C. S. Reno. L. Lowenberg. 
Columbus......... Dec. 20, '03 | F. W. C. Bailey. H. L. Cook. 1st Monday. 
Minnesota.......... Apr. 7, '02 | H. J. Gille. Barry Dibble. 2d Monday after 
i N. Y. meeting. 
Pittsburg.......... Oct. 13, '02 | H. W. Fisher. H. D. James. 2d Tuesday. 
Pittsfield.......... Mar. 25, '04 | Gilbert Wright. S. H. Blake. 3d Thursday. 
Philadelphia... ....Feb. 18, '03| W. C. L. Eglin. H. F. Sanville. 2d Monday. 
San Francisco...... Dec. 23, '04 | C. L. Cory. A. H. Babcock. 
Schenectady. ...... Jan. 26, '03 | D. B. Rushmore. E. E F. Creighton. | 2d Wednesday. 
Seattle............ Jan. 19, '04 | C. E. Magnusson. W. S. Wheeler. 3d Saturday. 
St. Louis. ......... Jan. 14, '03 | A. S. Langsdorf. J. H. Finney. 2d Wednesday. 
Toronto. ......... Sept. 30, '03 | R. G. Black. L. W. Pratt. 2d Friday. 
Washington, D. C.. Apr. 9, '03. | Edgar Russel Philander Betts. 1st Thursday. 
UNIVERSITY BRANCHES. 
Cornell University. Oct. 15, '02 | E. L. Nichols. H. H. Norris. lst Friday after 
N. Y. meeting. 
lowa State College. Apr. 15, '03 | F. A. Fish. Adolph Shane. 1st Wednesday. 
Lehigh University. Oct. 15, '02 | A. W. Lawson. M. T. Saldana. 3d Thursday 
Purdue University ..Jan. 26, '03 | C. P. Matthews. J. W. Esterline. Every Tuesday. 
Syracuse University Feb. 24, '05 | W. P. Graham R. A. Porter. He E 3d Thurs- 
Univ. of Wisconsin.Oct. 15, '02| F. M Conlee. J. W. Shuster. 4th Thursday. 
Univ. of illinois. ...Nov. 25, '02 | Morgan Brooks. M. K. Akers. Ist Wednesday 
Worcester Polytechnic Institute, 
A. P. Chapman. A. T. Childs 


3d Monday 


Every Tuesday 


evening 
Every Wednesday 
1st & 3d Tuesdays 
Ist and 3d Wednes- 
days 
lst and За Wednes- 
days 
Ist and 3d Fridays 
lst Wednesday 
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The New Constitution 


At the report of the Committee 

of Tellers at the Annual Meeting 
May 21, the President announced that 
the revised Constitution as submitted 
by the Board of Directors had been 
adopted by the affirmative vote of a 
majority of the qualified membership. 
It went into effect June 10, which 1s 
twenty days after its adoption. Ex- 
isting Branches will thereafter be oth- 
cially designated as Sections, and ar- 
rangements have already been made to 
have them reorganize under the new 
title. University organizations only, 
will be hereafter known as Branches 
The new Constitution is the work of the 
Committee on Law, with the exception 
of a few minor modifications made by 
the Board of Directors. Now that this 
Constitution has been adopted the re- 
vision of the By-laws must be next 
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undertaken. The existing By-laws will 
remain in force until that work is com- 
pleted. Shoyld any parts be found in 
practice to conflict with the Constitu- 
tion they may be amended by the Board 
of Directors, pending the more thor- 
ough revision which will require a con- 
siderable expenditure of time. 

It is hoped that the Sections will avail 
themselves of the simple provisions em- 
bodied in the new Constitution for their 
representation at the Annual Conven- 
tion. The Chairman of the Section, or 
an alternate will be recognized as an 
official delegate, and may have his ex- 
penditures for transportation refunded 
by the Institute. The Annual Conven- 
tion should thus become still more na- 
tional in its character, offering an op- 
portunity for an interchange of views 
regarding Institute work in general, as 
well as development of Sections. This 
does not necessarily mean official re- 
ports and discussions, but general con- 
versation between sessions which seldom 
gets into print, vet is recognized as one 
of the important features of a conven- 
tion, where busy men have an oppor- 
tunity to relax and are glad to give 
others the benefit of their experience. 


The Engineers’ Club 


N what has repeatedly been termed 
“The Gift to Engineering " Mr. 
Carnegie included with the national en- 
gineering societies the Engineers’ Club. 
His purpose in the gift has been to pro- 
mote social acquaintance as well as the 
professional advancement of engineers. 
While it has been generally known that 
nearly one-third of Mr. Carnegie's gift 
was utilized in the erection of the new 
building for the Engineers’ Club, the 
relations of the Institute membership 
to that organization are not universally 
understood. Its name and object are 
defined in the Constitution, as follows: 
“The Engineers’ Club shall be com- 
posed of engineers and others who may 
be interested in or connected with the 
engineering profession.” 
As a matter of fact, its membership, 
both resident and non-resident, 15 
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largely made up of civil, electrical, 
mechanical and mining engineers, who 
may or may not belong tothe national 
organizations representing those branch- 
es of the engineering profession. 

The Engineers' Club being an entirely 
distinct organization, admission thereto 
is governed by its own rules, and mem- 
bership in any of the founder societies 
does not in itself embrace any club 
privileges. While there is convenient 
means of access from one building to 
the other, yet the admission to the club 
is, of course, limited to its own mem- 
bers and their guests. It has been the 
expressed desire of those identified with 
the club management to make it useful 
to the members of the societies as far 
as is practicable and consistent. The 
membership in the club is at present 
between seventeen and eighteen hun- 
dred, and there are already indications 
that the present facilities of the club 
may be overtaxed on special occasions. 
The present officers of the founder so- 
cieties are members of the club, and 
they will doubtless be able to arrange 
in many cases for extending the privi- 
leges of the club to members from a 
distance while visiting New York. 

Many of the new relations between 
the societies and between the societies 
and the club must be the outcome of 
experience. . There appears to be a gen- 
eral purpose to cooperate in such a way 
as to get the best results of the new op- 
portunities which the gift provides. 
While each organization will develop its 
own individuality, yet there are many 
points in common where the interests 
of each will be promoted by general co- 
operation. 


Editing of Discussions 


Gove recent contributions compel 

the Editing Committee to state 
that gentlemen who take part in the 
discussions, and particularly those who 
do so in writing, must wholly refrain 
from acrimony, or personal reflections. 
Compliance with this imperative re- 
quirement will relieve the Editor, the 
Editing Committee, and correspondents 
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themselves, from unnecessary labor and 
friction. The amount of text requiring 
editorial revision is large; the Editor or 
his assistants must engage in consider- 
able correspondence with members be- 
fore communications can be reduced to 
the ultimate facts and conclusions which 
it is felt should be published. This is 
always a source of expense and delav. 
The object of the discussion being to 
elucidate the subject of a paper, it secms 
possible to conduct it without acerbit v, 
which cannot make it more illuminating. 
The Editing Coinmittee intends to pub- 
lish in the PROCEEDINGS nothing which 
is objectionable; and it will not accept 


contributions, however desirable for 
other reasons, which violate this re- 
quirement. 


The Next Convention 


l^ this issue are many of the papers 

to be presented at the Niagara con- 
vention beginning June 25. Those who 
intend discussing them will thus have 
an opportunity to prepare themselves. 
Copies of these will also be available at 
the convention as well as of those re- 
ceived too late for immediate printing in 
the PRocEEDINGS. Written discussions 
are invited from members who cannot 
attend the convention. Headquarters 
wil be at the Cataract-International 
Hotel, where the various sessions will 
also be held. Requests for reservations 
shou'd be made direct to the hotel. 
The convention program already mailed 
gives full information. 


MONG the important changes in 
the new Constitution is the pro- 
vision that the terms of committees 
shall expire at the first meeting of the 
Board of Directors after the annual 
election. This will be June 21 1907. 
The object of this innovation 1s to 
provide for the earlier appointment of 
new committees so that they may 
begin their duties before the opening 
of the active season which will here- 
after be on the second Friday in 
October. 
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The Schenectady Branch, 
Season 1906-7 * 

The Schenectady Branch has been 
favored this year with an exceptionally 
successful season and a description of 
some of its work may be of interest. 
Some of the innovations adopted to 
create greater interest in Institute mat- 
ters at Schenectady will possibly sug- 
gest even better methods to others. 

During the year there have been held 
a total of thirty-three meetings, at 
which were presented twenty-five orig- 
inal papers, many by noted engineers 
not connected with the Branch. The 
membership has been increased from a 
total of less than two hundred in the 
fall of 1906 to over nine hundred at the 
present time. 

At a preliminary smoker held in Sep- 
tember of last year, plans were laid for 
the season 1906-7, and it was decided 
to maintain a course of weekly lectures 
for the benefit of the Members and Asso- 
ciates of the Institute residing in and 
near Schenectady, and to others who 
wished to affiliate with the Branch by 
the payment of nominal dues to defray 
current expenses. А four-page pros- 
pectus was issued outlining the aims of 
the association and giving a partial list 
of speakers who had signified their 
willingness to address the meetings. All 
Members and Associates of the Ameri- 
can Institute of Electrical Engineers 
were, of course, members of the Branch, 
but to non-members all the privileges 
of the Branch were extended for an 
annual fee of $2.00. A special student 
membership for men in the testing de- 
partments of the General Electric and 
American Locomotive companies, stu- 
dents at Union College, Rensselaer Poly- 
technic Institute, etc., was also started, 
for which the dues were $1.00 per year. 
There was no initiation fee for any class 
of membership. A Membership Com- 
mittee was appointed, consisting of six- 
teen men, and an energetic campaign 
undertaken to interest non-members of 
the Institute in the work of the Branch. 


*By №. C. Andrews, Corresponding Secretary 
of the Schenectady Branch. 
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The result was so satisfactory that the 
Treasurer's report shows returns ot 
three hundred and ninety-seven full 
members at $2.00 each and three hun- 
dred and forty-seven special members 
at $1.00 each, a total of $1141.00 re- 
ceived from dues during the year. 

The immediate effect of the increased 
activity in Institute work was to bring 
into membership with the national body 
a large number of new Associates, and 
whereas the July membership list of the 
Institute for 1906 shows but one hun- 
dred and thirty-two names under 
Schenectady, the present membership 
is approximately one hundred and 
ninety-one, with a large number of ap- 
plications still to be acted upon. It is 
expected that next year there will be a 
still further increase in membership 
to the national body from those who 
have been interested in the Branch 
work this year, and who will prefer to 
become Associates rather than remain 
simply Section members іп 1907-1908. 

The first two or three meetings of the 
year were opened to all who desired to 
attend, and the interest was so great 
that the High School auditorium, where 
the lectures were held, and which seats 
approximately nine hundred, was often 
taxed to its full capacity. After the 
first few lectures, however, admission 
was by ticket only, but members could 
obtain tickets for their friends without 
difficulty from any of the Membership 
Committee. These tickets to be valid 
had to contain the name and address of 
the holder, and in this way the Mem- 
bership Committee obtained a list of 
those interested and acquired a large 
number of new members. 

During the year, four. evenings were 
set aside for the discussion of papers 
read in New York, the papers in general 
being abstracted by some local author- 
ity. For example, the discussion of the 
paper on ''The Substitution. of the 
Electric Motor for the Steam Locomo- 
tive," by Messrs. Stillwell and Putnam, 
read on January 25, was opened by Mr 
Potter at the Branch meeting of Feb. 
ruary 7, and was participated in by 
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Messrs. Fortenbaugh, Slichter, Eveleth, 
and Dodd, of the General Electric Com- 
pany, and Mr. William Dalton of the 
American Locomotive Company. There 
were twenty-five original papers pre- 
sented on a wide range of subjects dur- 
ing the year, and four evenings were 
devoted to topical discussions or de- 
bates on subjects of general interest, at 
which many valuable original contribu- 
tions were presented. 

Although the closing year has been 
one of extreme activity from an educa- 
tional standpoint, the social features 
have not been overlooked. Besides 
the informal smoker held at the com- 
mencement of the year, when the sea- 
son's work was laid out, there have 
been two entertainments, which a large 
percentage of the total membership has 
attended, and, from all indications they 
were highly enjoyed. The expense of 
these smokers was borne entircly by 
the Branch, no additional assessment 
of any kind being made on the mem- 
bers. 

The complete program for the season 
just closed was as follows: 

October 5, T. C. Martin, '' Technical 
Journalism "; October 12, E. C. Ache- 
son, ''Inventions and Discoveries ''; 
October 20, R. W. Raymond, “ Profes- 
sional Ethics "; October 27, topical dis- 
cussion '' Thury System," Messrs. Tay- 
lor, Eveleth, Noeggerath and Wilkinson; 
November 2, S. A. Moss, “ Gas Tur- 
bines ”; November 9, topical discussion 
" Municipal Ownership "; A. B. Law- 
rence, À. V. Thompson and others; No- 
vember 16, W. S. Franklin, “ The 
Second Law of Thermodynamics ”'; 
November 23, Е. О. Blackwell, “ Hydro- 
Electric Developments ”; November 30, 
W. S. Andrews, “ Pioneer Work in 
Electric Lighting "; December 8, С. P. 
Steinmetz, '" Transformation of Elec- 
tric Power into Light "; (Discussion of 
his paper read in New York Nov. 23); 
December 15, topical discussion, ‘* Met- 
ric System '"; December 22, V. б. Con- 
verse, '" Ontario Power Co. "; January 
5, E. E. F. Creighton, " Lightning Pro- 
tection '; (Discussion of К. P. Jack- 
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son's paper read in New York December 
28); Januarv 12, E. J. Berg, '' Parallel 
Operation of Aiternators "; January 19, 
topical discussion '' Industrial Better- 
ment," Messrs. Steinmetz, Craven, 
Hewett. McMillan, Crane and Maxwell; 
January 24, Maxwell Day, '' Centrifugal 
Fans," and Н. B. Emerson, “ Motor 
Drive for Metal and Wood Working 
Machinery "; January 31, E. J. Berg, 
" Abnormal Voltages and Currents in 
Transmission Lines "; February 7, dis- 
cussion, '' Electrification of Steam Rail- 
roads ” (paper read in New York by 
Messrs. Stillwell and Putnam January 
25), Messrs. Potter, Fortenbaugh, Slich- 
ter, Eveleth, Dodd and Dalton; Feb- 
ruary 14, W. L. Merrill, * Electricity in 
a Paper Mill"; February 21, C. №. 
Stone, '' A Comparison of the Different 
Systems of Electric Lighting," and 
F. F. Barbour, ‘ Qualifications and 
Duties of an Electrical Apparatus Sales- 
man; " February 28, W.S. Moody, '' De- 
sign of Transformers "; March 8, smoker 
in Odd Fellows’ Hall; March 14, S. D. 
Sprong, ' System of the New York 
Edison Co. "; March 21, Richard Flem- 
ing, '" The Electric Arc Lamp ”; March 
28, C. W. Larson, ' Mine Locomotives 
and Mining "5; April 4, “ Lightning Pro- 
tection ” (Discussion of papers read in 
New York March 29), Messrs. Stein- 
metz, Rushmore, Creighton and Dau- 
Bois; April 18, G. Н. Hill,"Multiple-Unit 
Control of Direct Current Motors"; April 
25, E. J. Berg, *‘ Constants of Cables 
and Magnetic Conductors ”; May 2, 
two papers on ''Electric Hoists in 
Mines," one by K. A. Pauly, and the 
other by Eugene Eichel; May 9, C. E. 
Eveleth, ‘‘ Electrification of the West 
Jersey and Seashore Railroad."; May 
16, Elihu Thomson, “ Panama Canal ’’; 
May 23, smoker and business meeting. 

The annual business meeting and elec- 
tion of officers was held during the 
smoker of May 23. A large number of 
the old officers were re-elected, the re- 
sult being as follows: Honorary chair- 
man, C. P. Steinmetz; chairman, D. B. 
Rushmore;  Vice-chairman, Е. Н. 
Anderson, A. H. Armstrong, E. A. 
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Baldwin, E. E. F. Creighton, William 
Dalton, G. H. Hill, E. B. Merriam, 
A. L. Rohrer, C. W. Stone; corresponding 
secretary, W. C. Andrews; recording 
secretary, J. M. Knox; treasurer, A. 5. 
Kappella; librarian, H. E. White. 

A summary of the treasurer's report 
for the year, presented at this meeting, 
“is as follows: 


Balance on hand. May 1906.. $135.79 
Dues collected from members 1141.00 


Total receipts. ........... 1276.79 $1276.79 
Cost of meetings. including 

stereop*icon, reporting. an- 

nouncernents, cuts for news- 

paper articles, membership 

cards. postage. Janitor's ser- 

vice at High School, and 


entertainments.......... 403.21 
Expenses of sen:ding delegates 
to New York to attend 1n- 
stitute meetings......... 50.00 
Contributions to Schenectady 
Public Library........... 50.00 
Total........0..........0—— 
$503.21 503.21 
Balance on hand.... ... . $773.58 


Two items of the treasurer's report 
are worthy of notice. One is the con- 
tribution to the Schenectady Public 
Library. The Institute Branch received 
about four years ago, a number of books 
and periodicals from the General Elec- 
tric Engineering Society through the af- 
filiation of that society with the Branch, 
and these books are maintained in 
special bookcases at the Public Library. 
Of the annual donation of the Branch, 
$37.50 is devoted to the purchase of 
new books to increase this collection, 
$12.50 being taken as a fee for main- 
taining the books in good condition and 
other librarian services. The selection 
of books is in the hands of a special 
committee. 

In order to stimulate interest in the 
topical discussions as well as the other 
work of the Branch, delegates were ap- 
pointed during the year and their ex- 
penses paid to New York to attend the 
regular mecting of the national body. 
Conspicuous interest in the work of the 
Branch either by valuable contributions 
to the discussions or otherwise was the 
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basis on which these delegates were se- 
lected. There was the added advantage 
in this system of bringing non-members 
of the national body—they only were 
eligible to receive the free trips—in 
contact with the New York members, 
thereby impressing them with the ad- 
vantages gained by joining the Institute. 


Local Organizations 
ARMOUR INSTITUTE 

At a meeting of this Branch, held 
April 26, F. M. Sturgess gave a digest 
of Dr. Steinmetz's paper on “ Lightning 
Phenomena in Electric Circuits;'" also a 
digest of Messrs. Rushmore and Dubois' 
paper on “Protection against Lightning, 
and the Multigap Lightning-Arrester."' 

On May 3, С. S. Henning read an 
original and interesting paper on 
'" Multiple-Unit Control," in which he 
explained the operation of the various 
systems with the aid of wiring diagrams 
for beth alternating-current and direct- 
current-railways. 

At the May 17 meeting of this 
Branch the following ofhcers were 
elected for the coming year: Theodore 
C. Oehne, vice-chairman; Olive К. 
Morey, secretary. Professor J. E. Snow 
will act as chairman and local secretary, 
due to the resignation of Professor 
C. E. Freeman. 


BALTIMORE BRANCH 

This Branch held a meeting May 9, 
at the B. and O. Central building, 
Baltimore, J. B. Whitehead presiding, 
with a total attendance of 72. The 
chairman appointed a nominating com- 
mittee, consisting of Messrs. W. A. 
Young, W. H. Vail, and S. D. Black, 
to present the names of members for 
election as officers of the Baltimore 
Branch for the ensuing year. Mr. W. D. 
Young, electrical engineer of the Balti- 
more and Ohio Railroad company, 
read a paper on the ''Lighting and 
Electro-equipment of the Baltimore and 
Ohio Central Building." After the 
reading of this paper, and discussion, 
a tour of inspection was made of the 
building. 
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BosroN BRANCH 
This Branch held a meeting May 15, 
at the Massachusetts Institute of 
Technology, presided over by Professor 
H. E. Clifford, with a total attendance 
of 111. The chairman appointed the 
following committee to nominate offi- 
cers for the ensuing year: Messrs. 
J. S. Codman, H. D. Jackson, N. J. 
Neal. Mr. L. L. Elden, electrical 
engineer with the Edison Electric 
Illuminating company of Boston, pre- 
sented a paper entitled," An analysis of 
the Distribution Losses in a large Cen- 
tral Station System." 
[This paper will be printed in a future 
issue of the PROCEEDINGS.] 


UNIVERSITY OF COLORADO 

During the past month this Branch 
has held two meetings. At the first, 
Mr. Bullock, of Denver, gave a talk on 
“The Westinghouse Apprentice Sys- 
tem." The second meeting was a 
joint meeting with the other engi- 
neering societies of the University, at 
which Mr. G. С. Anderson, C. E., of 
Denver, gave an address on “ The 
Future of Hydraulic Engineering in 
Colorado.” 


CORNELL BRANCH. 

The closing meeting of the Cornell 
Branch for the current year was held on 
the evening of June 4, in the Sibley 
Club room. In accordance with the 
new Constitution, a delegate was elected 
to attend the Annual Convention, The 
preparation of By-laws for the Branch 
was informally discussed. It is the in- 
tention in the future to prepare simple 
By-laws covering local needs. 

The paper of the evening was 
delivered by Professor Ernest Merritt 
upon the topic “ Radioactivity.” The 
address, with the resulting discussion, 
proved of great interest and gave the 
members a view of the latest varieties 
of electric conduction and other ad- 
vances which have followed from the 
discovery of the properties of radium 
and other radioactive metals. The 
speaker pointed out that while in a 
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commercial sense radioactivity has not 
“made good” scientifically, it has 
proved of the utmost importance. 
This is particularly true as regards the 
indirect results, especially upon the 
theories of the construction of matter. 
A most interesting suggestion was that 
radium may result from the disor- 
ganization of uranium and that the 
metal itself тау simply represent one 
stage in asenesof such disorganizations. 

This meeting closes a most successful 
year's work for the Cornell Branch, 
and the members were highly pleased 
at the passage of the new Constitution 
which greatlv favors the growth of the 
branches. 


ILLINOIS 

This Branch held a meeting May 1, in 
the electrical engineering lecture room 
of the Illinois University, Professor 
Morgan Brooks presiding, with a total 
attendance of 24. The following papers 
were presented. 

" Lightning Phenomena in Electric 
Circuits," by C. P. Steinmetz, read in 
abstract by M. K. Akers of the electrical 
engineering department. 

“Protection againt Lightning, and 
the Multigap Lightning-Arrester," by 
D. B. Rushmore and D. Dubois; ab- 
stracted by J. M. Bryant of the elec- 
trical engineering department. 

A nomination committee for the 
election of officers for next year was 
appointed by the chairman. At the 
next meeting, May 29, the officers are 
to be elected. 


Iowa STATE COLLEGE BRANCH 

A meeting of the local Branch was 
held April 24 in Engineering Hall. 
Adolph Shane presided in the absence 
of Professor Fish. Thirty members 
and six visitors listened to the abstract 
of Messrs. Stillwell and Putnam's 
paper '" On the Substitution of the 
Electric Motor for the Steam Locomo- 
tive" given by Mr. A. H. Hoffman. 
The importance and significance of the 
paper was clearly recognized, several 
papers at previous meetings having 
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discussed those railroads that are at 
present being electrified or have re- 
cently been electrified. 

А business meeting was held at the 
conclusion of the paper and discussions, 
the purpose of which was to vote on the 
proposed Constitution. of the local 
Branch. It was found that the old 
Constitution did not adequately meet 
the present requirements, the executive 
committee having been authorized to 
draw up a new one which was presented 
before the members for action at this 
meeting. With a few minor changes 
the proposed Constitution was unani- 
mouslv adopted. 

Twenty-nine members and two visi- 
tors attended the meeting on May 8. 
Abstracts of the discussions on Messrs. 
Stillwell and Putnam's paper '' On the 
Substitution of the Electric Motor for 
the Steam Locomotive " were given as 
follows: 

Mr. Soukup—Messrs. 
Lamme's discussion. 

Mr. Uhi—Messrs. 
ter's discussions. 

Mr. Whitacre—Messrs. Lyford and 
de Muralt's discussions. 

Mr. Stahl—Messrs. 
Shchter’s discussions. 

Mr. Hurd—Messrs. Whitehead Still- 
well, and Sprague's discussions. 

Mr. Scherling—Mr. Calvert Townley's 
discussion. 

Mr. Tunis—Messrs Stillwell and Put- 
nam's closing statements. 

Livelv discussion by the local mem- 
bers followed, it being observed that 
some ditference of opinion existed 
among the gentlemen who presented 
their discussions at the New York 
meeting. 

There will be an election of officers at 
the next and final meeting of the local 
Branch for the present college year. 

The last meeting of the Branch for 
the present year was held Wednesday 
evening, May 23, in Engineering Hall. 
The meeting was called to order by 
Professor Fish. The first paper of the 
evening was presented by Mr. G. E. 
Marsh on ' Theory of Commutation.” 


Sprague and 


Arnold and Pot- 


McClellan and 
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The paper took up the mathematical 
discussion of the factors which are in- 
volved in the process of commutation. 
It was shown in the final equation that 
after the various factors of inductance, 
mutual inductance, resistances of the 
coils under commutation, and contact 
resistances were either determined or 
assumed, that it required but the inser- 
tion of a given value of time to de- 
termine the value of the current in the 
short-circuited coil at that instant. 
Considerable discussion followed the 
paper chiefly as to the value of the 
final equation in design. 

The second paper of the evening was 
an abstract of Mr. D. McFarlan Moore's 
paper on ‘ Light from Gaseous Con- 
ductors within Glass Tubes—The Moore 
Light." This was given by Professor 
Adolph Shane. Much interest was 
manifested as indicated by the discus- 
sion which followed. These took the 
trend of comparison of the Moore Light 
with other forms of illumination. 

The election of officers for the next 
term followed the presentation of the 
papers. The results showed the re- 
election of Professor Fish as chairman, 
and Professor Shane as secretary of 
the Branch. Messrs. Pullen, Halpenny, 
and Shaw were elected members of 
the executive committee; and Messrs. 
Wills, Thompson, and Dewey were 
elected members of the social committee. 

There is some cause for gratification 
at the increase of attendance and 
interest shown at the meetings held 
during the past college year. It is 
hoped that next year the meetings may 
prove even more valuable. 


MINNESOTA BRANCH 

A meeting of the Minnesota Branch 
was held in the offices of the St. Paul 
Gas Light Co., May 13. The evening 
was devoted to the subiect of lightning 
protection. А. L. Abbott reviewed the 
Institute paper by Dr. Steinmetz, and 
Professor G. D. Shepardson took up 
the paper by Messrs. Rushmore and 
Dubois. 

Edward P. Burch opened the dis- 
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cussion. He pointed out the lack of 
consistency of lightning-arrester manu- 
facturers in insisting on a straight, 
non-inductive path to the arrester, and 
then introducing an intricate, zigzag 
path through the arrester itself. He 
believed that arresters should have the 
gaps and connections in a straight line, 
though this would on high potentials 
require the use of a tower for their 
installation. Another recommendation 
was that instead of making the gaps 
uniform they could be made wider on 
the line side, and narrower on the 
ground side of the arrester, with the 
effect of making the potential gradient 
rectilinear. 

F. R. Cutcheon stated that in one 
plant the lightning-arresters had been 
placed in a horizontal position, which 
was believed to be an advantage, as it 
made the capacity to ground the same 
through the entire arrester. 


UNIVERSITY OF MONTANA 

The University of Montana Branch, 
at Missoula, Montana, authorized by 
the Board of Directors to hold student 
meetings, was organized on May 21, 
1907, with Robert Sibley, chairman, 
and S. К. Inch, secretary. At its 
first meeting the following officers were 
elected: 

F. S. Lorentz, chairman; J. A. 
Thaler, secretary; C. M. Fisher, treasurer 
The time of meeting will be the first 
Friday of each month during the 
school year. 


PENNSYLVANIA STATE COLLEGE 

The officers of this Branch for the 
present term, are: chairman, E. W. 
Nick; secretary, S. W. Price. Meetings 
are held every Wednesday, with an 
average attendance of twenty-five or 
thirty. Four speakers are scheduled 
for each week, and the topics presented 
are taken from the PROCEEDINGS and 
other current technical magazines. 


PHILADELPHIA 
The thirty-seventh meeting of the 
Philadelphia Branch was held on May 
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13, at the regular meeting place, the 
Engineers’ Club of Philadelphia. The 
meeting was preceded by the usual din- 
ner. As this was the last formal meet- 
ing for the year, the next meeting being 
of an informal nature, the opportunity 
was taken for thanking Mr. L. J. Costa 
who has had charge of the monthly 
dinners. These dinners have been a great 
success throughout the vear, the attend- 
ance varying from thirty-five to sixty. 
They have had a large part in making 
the Philadelphia Branch the active 
branch that it is. 

At the suggestion of the Branch 
Council a motion was put through 
creating the office of assistant secretarv 
for the Philadelphia Branch, so that 
this place will be filled at the coming 
meeting in June. 

The paper of the evening on '' Some 
Newly Observed Manifestations of 
Forces in the Interior of a Conductor, 
and their Utilization," was presented 
by Dr. E. F. Northrup The subject 
was entirelv new and was presented for 
the first time before any scientific body. 
It was received with much interest by 
the members. The ingenious method 
by which Dr. Northrup makes use of his 
discoverv for measuring large currents 
gives it an 1mmediate practical value. 

[This paper wil be printed in a 
future issue of the PROCEEDINGS.] 
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PITTSBURGH. 

At the meeting of this Branch, Мау, 
14, fifty-six members and visitors were 
present. Mr. McPherson read an in- 
teresting paper on gas engines in central 
station work. The paper was based on 
actual experience obtained і? the 
Duquesne Light Plant in Pittsburgh, 
and was supplemented by a short talk 
by Mr. J. R. Bibbins. 

Mr. S. P. Grace abstracted a paper he 
presented at a New York meeting, and 
showed a number of lantern slides 
illustrating different details in wire 
construction of telephone lines. An 
interesting discussion followed. 

Mr. H. W. Fisher announced that 
this would be the last Branch meeting 
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to be held this season, and that meetings 
would be resumed next fall. He also 
urged the members to attend the 
annual convention at Niagara Falls. 


PURDUE 

This Branch held a meeting on 
April 30, in the electrical building at 
Purdue University, Mr. G. B. Walker 
presiding, with a total attendance of 
fifty-one. After the adoption of an 
amendment to the constitution of the 
Engineering Review Board, the follow- 
ing officers were elected: R. S. Webb, 
vice-chairman; C. A. Jaqua, assistant 
secretary; P. F. Harbolt, treasurer. 
Mr. C. R. Moore then talked on the 
subject '' Electrolysis Due to Grounded 
Return Circuits,” followed by dis- 
cussion. 

Another meeting of this Branch, 
held May 14, at the same place and with 
the same presiding officer, had an at- 
tendance of seventy. Bills were pre- 
sented and ordered paid, after which, 
Mr. G. H. Kelsey, Purdue '00 at present 
general superintendent of the Indiana 
Union Traction company, gave an 
address on '' Organization and Methods 
in Interurban Railways." 


SCHENECTADY 

At the election of officers for this 
Branch, held May 23, Mr. D. B. Rush- 
more was elected chairman, and Mr. 
W.C. Andrews corresponding secretary. 

[A history of the Schenectady 
Branch for the year 1906-7 is printed 
elsewhere in Section I of this issue.] 


SEATTLE 

This Branch held a meeting at Seattle, 
May 18. presided over by Professor 
С. E. Magnusson, with a total at- 
tendance of ten. Professor C. Edward 
Magnusson was chosen official delegate 
of the Branch to the A.I.E.E. con- 
vention, to be held at Niagara Falls, 
June 25—28, 1907. 

An original paper, on '' The Largest 
Motor in Seattle," was illustrated with 
photographs. Mr. Geo. H. Moore pre- 
sented the paper, and Mr. F. G. Simpson 
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furnished the photographs. Discussion 
by Messrs. Magnusson, Whipple, and 
Joslyn. 


SYRACUSE UNIVERSITY BRANCH 

The final meeting for the college year 
was held on Thursday evening, May 16. 
Nine members and eight visitors were 
present. The executive committee for 
the coming year was elected. It consists 
of Professor W. P. Graham, president 
of the Branch; R. A. Porter, secretary, 
and three student members, E. C. 
Myers, H. V. Brown, and R. E. Allen, 
of the class of 1908. 

A discussion of the Moore Light was 
led by E. C. Myers, who abstracted the 
Institute paper on this subject. 


; TORONTO 

This Branch held a meeting on May 10 
presided over by Mr. R. G. Black. 
On motion of Mr. W. A. Bucke, seconded 
by K. L. Aitken, the executive com- 
mittee for the ensuing term will con- 
sist of Messrs. K. L. Aitken, chairman; 
H. W. Price. Edw. Richards, and 
W. G. Chace. Secretary, L. W Pratt. 

After the executive meeting, Mr. 
Wills Maclachlin read an original paper 
on “ Single-Phase Electric Railways,” 
which proved very interesting. A 
lively discussion followed by Messrs. 
Aitken, Black, Boyd, Lamb, Chace, 
Rosebrugh, Bucke, Fairbairn, Pratt. 


WASHINGTON UNIVERSITY 
This Branch held a meeting April 3, 


at Washington University, Professor 
A. S. Langsdorf presiding, with an 
attendance of thirteen. Mr. W. E. 


Liggett presented a paper on “ In- 
candescent Lamp Manufacture," and 
Mr. M. C. Cave followed, with '' The 
Induction Motor Operated as an Asyn- 
chronous Generator." Professor A. S. 
Langsdorf gave short discussions on 
both papers, and general discussion 
followed. 


WASHINGTON UNIVERSITY 
A meeting of this Branch was held 
on Thursday afternoon, May 2, 1907. 
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An abstract of the paper by Dr. 
Steinmetz on ''Lightning Phenomena 
in Electrical Circuits" was given by 
Geo, Mezger, W. U. '07. 

G. L. Evans, W. U. 07', abstracted 
Mr. Creighton's paper '' New Principles 
in Design of Lightning Arresters."' 

A paper on ‘ The Compounding of 
Alternators" was read by R. W. 
Lamar, W. U. '07. 

A discussion of the operation of 
alternators in parallel followed, results 
obtained by Messrs. Lamar and Mezger 
in connection with their thesis being 
shown. 


WORCESTER POLYTECHNIC INSTITUTE 

The regular meeting of the Branch 
was held Monday evening, April 29, 
1907, in the electrical engineering lec- 
ture room, Salisbury laboratories. Presi- 
dent Chapman called the meeting to 
order and introduced C. А Adams, 
Professor of electrical engineering at 
Harvard University, who spoke on the 
subject, ‘The Synchronous Motor.” 
The first part of the meeting was 
taken up in explaining a mechanical 
analogue which is of great value in 
forming a physical conception of the 
phenomena taking place in the svn- 
chronous motor. The latter part of 
the lecture was devoted to the Blondel 
diagram. The meeting was very in- 
teresting and instructive and the Branch 
wishes to express its appreciation of 
Professor Adams' kindness. 

The annual election of officers was 
held at the regular meeting of the 
Branch, May 20, 1907. The following 
oflicers were chosen for the ensuing 
year: 

Мг. L. W. Hitchcock, '08, president; 
Mr. C. E. Putnam, '09, vice-president; 
Mr. Sidney W. Farnsworth, P. G., 
secretary-treasurer. Executive Com- 
mittee: Мг. L. W. Hitchcock, 08’; 
Mr. C. E. Putnam, '09; Mr. Sidney W. 
Farnsworth, P. G.; Professor Harold B. 
Smith; Mr. Roger E. Coolidge, ‘U8; 
Mr. Edmund B. Haslop, '09. 

Due to the non-completion of the 


lecture room in the new electrical 
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building, the meeting was held in the 
mechanical engineering lecture room, 
engineering laboratories. 

After the business meeting, the fol- 
lowing members of the post-graduate 
and senior classes gave abstracts of 
their theses. 

Mr. Joseph T. Butterfield, '07, ‘* Oscil- 
lographic Records of Telephonic Waves.” 

Mr. Howard Н. Haynes, '07, '" Types 
of Air Brakes.” 

Mr. Leon I Thomas, '07. 
Automatic Telephone System.” 

Mr. E. G. Scott, P. G., " Electric 
Railway Control." 

Mr. Е. W. Stinson, '07, “ Primary 
Batteries." 

Mr. Percy P. Smith, '07, “ Rail-Bond 
Testing." 


" Clark 


. Minutes of Meetings of 
the Institute 

A special meeting of the Institute in 
honor of Sir William Preece, K.C.B., 
F.R.S., was held in the Auditorium of 
the Engineers’ Building on April 15, 
1907, the eve of the dedicatory cere- 
monies With this meeting, and the 
illumination of the building, inside and 
outside, the dedicatory exercises were 
formally begun. 

President Sheldon called the meeting 
to order at 8:15 p.m. 

The Secretary announced that at the 
close of the meeting an opportunity 
would be given to all present who de- 
sired, to inspect the building. President 
Sheldon then introduced Past-president 
T. Commerford Martin, chairman of the 
Land and Building Fund Committee, 
who said: 

A great many vears ago, in England, 
there was a famous singer named 
Braham, and hnis.most popular and ta- 
mous song was * There's a good time 
coming." He was in the west of Eng- 
land one night, in Bristol, singing the 
song, and was received with uproarious 
applause and with several encores. 
They had pretty bad seasons in the 
west of England, that vear and an old 
farmer got up in the gallery and said, 
"I heard your song—There's а good 
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time coming—say, mister, won't you 
kindly fix the date. '" To-night we 
meet in Dreamland. We fixed this date 
a great many years ago. In the Insti- 
tute Transactions for 1885 you will 
find some reference to the building in 
which we now meet. Our dreams have 
come true, we have made good, but 
there is also a financial aspect in these 
matters. When the American Institute 
of Electrical Engineers took up its 
share of obligation in connection with 
the Engineers’ Building, it faced a debt 
of about $185,000. To-night, as chair- 
man of the Land and Building Fund 
Committee, I have the honor to report 
that your committee has succeeded in 
securing pledges for close upon $165,000. 
Of that amount $125,000 15 now cashed 
into the treasury of the Institute. 
With the balance which the Institute 
has had on hand, the Institute meets 
dedication day with a balance to the 
good. Personally, as chairman of the 
Institute Land and Building Fund Com- 
mittee, I consider whatever balance it 
has in hand is sacred, and I want you 
gentlemen who have not yet subscribed 
to the Land and Building Fund— 
there are far too many of you—to make 
good and help us raise the remaining 
amount due, so that within a short 
time the balance the Institute now has 
wil remain intact, and the $185,000 
we started out to raise will be $200,000, 
and then the Institute will be equipped 
to do its work fairly and efficiently. 
1 ask any of you who have not yet sub- 
scribed to do vour fair share, with your 
colleagues and fellow-members, and 
help the committee in its work 
PRESIDENT SHELDON: It is a great 
honor and a great pleasure for me to 
vield the chair to-night to one who has 
been an. Honorary Memberof the Insti- 
tute ever since itsorganization, one who 
attended its first professional session 
and took part in the discussion, one 
who is a Past-president of the Institu- 
tion of Electrical Engineers of Great 
Britain, Sir William Henry Preece. 
Sır WirLIAM Preece: We all of us 
are actuated at times by certain ambi- 
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tions and I am bound to say that almost 
all the ambitions that I formed in my 
life have been attained; but the one 
ambition which appeared to me to be 
so infinitely impossible that I scarcely 
ever dreamed of securing it—I do not 
know that I ever dreamed of securing 
it—was that of being present in New | 
York and taking the chair at a meeting 
of the American Institute of Electrical 
Engineers. Now, I may tell you at 
once that of all the appointments I 
have ever held, there is none that I 
have held in greater honor or greater 
satisfaction than that of being an Hon- 
orary Member of the American Institute 
of Electrical Engineers; and that princi- 
pally because Lord Kelvin and myself 
are the only two honorary members. 

I have been associated with Lord 
Kelvin since the year 1856. I know 
him well, and he, like myself, has been 
twice President of the Institution of 
Electrical Engineers of Great Britain. 
We followed each other. He is 83, I 
think, and I am ten years younger. I 
was 73 on my last birthday. If I were 
to visit this country a little more fre- 
quently I think I should have a very 
great prospect of reaching that age 
which appears to be necessary to 
secure a third election to the Presidency 
of the Institution. 

I do not know why it is in this at- 
mosphere of yours—I do not know 
whether it is the air we breathe, or 
whether it is the men with whom we 
are brought in contact—there 1s some- 
thing electrical about things here. That 
electricity may be formed by contact, 
or if it is atmospheric electricity which 
we breathe here, that may be the rea- 
son; but there are two facts that have 
been evident to me every time I have 
been here—I require less sleep and do 
three times as much work. It is com- 
monly said that there is something in 
the American habits and methods that 
lick creation, and that the old fog'es in 
England cannot get through the amount 
of work that the American does; but I 
doubt very much if there is much ditfer- 
ence between the American and the 
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Englishman, when the Englishman gets 
here. When the American gets to the 
other side, he is about the worst fellow 
in the world to keep an appointment. 
I make a joke of it—I never knew an 
American to keep an appointment 
promptly. He is mercurial, excited by 
electricity, the electron is inside of 
every Ámerican, millions of electrons 
keep him stirring and active, and we 
feel just the same when we get here. at 
least I do. 

I am proud to take this chair to-night. 
I shall have something to say on the 
paper I am going to call upon Dr. Potts 
to read. I say this, because I feel not 
only proud to take the chair, but I 
shall, as I am not experienced in your 
ways of conducting business, ask you 
to allow me to conduct the business 
this evening as though it were a meet- 
ing of the Institution of British Engi- 
neers. The President of the British In- 
stitution of Civil or Electrical Engi- 
neers is an autocrat, and he is much 
more powerful than your President in 
the States. 

Mr. Louis M. Potts of Baltimore then 
read a paper entitled '' The Rowland 
Telegraphic Svstem." The paper was 
discussed by Messrs. R. W. Pope, A. E. 
Kennelly, Wm. Maver, Jr., H. G. Stott, 
E. F. Northrup, Gano Dunn, Sir Wm. 
Preece. 


The 218th regular meeting of the 

American Institute of Electrical Engi- 
neers was held in the Auditorium of the 
Engineers’ Building, 33 West Thirty- 
ninth street, New York, Friday, April 
26, 1907. President Sheldon called the 
meeting to order at 8:20 o'clock р.м. 
E The Secretary announced that at the 
mceting of the Board of Directors held 
during the aíternoon there were 154 
Associates elected as follows: 


ALMOND, FREDERICK CHARLES, Engi- 
neer, North Dakota Independent 
Te'ephone Co., Fargo, N. D. 

BacNaLL, E. J. General Manager, 
Adams, Bagnall Electric Co., 2049 E. 
100th St., Clevcland, O. 
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Barstow, WILLIAM AucvusTUS, Super- 
intending Electrical Engineer, Union 
Iron Work Co., San Francisco; res., 
Larkspur, Cal. 

BATEMAN, GEORGE FREDERICK, Stu- 
dent, Cooper Union Day School of 
Technical Science; res., 213 W. 34th 
St., New York City. 

BaTHGATE, OWEN HamiLt, Mechanical 
Assistant, Penn. New York and Long 
Island R.R. Co. Power Station, Long 
Island City, N. Y. 

BAYLEY, JOHN F., Constructional Engi- 
neer, Brush Electrical Engineering 
Co., Falcon Works, Loughboro, Eng. 

BEAUBIEN, EpGAR Francis, Patent De- 
partment, Western Electric Co., 259 
So. Clinton St., Chicago; res., Wil- 
mette, Ill. 

BERGELIN, Тповѕтем, Assistant Engi- 
neer, Utah Light and Railwav Co.; 
res., 571 So. Main St., Salt Lake City, 
Utah 

BERGENDAHL, CHRISTIAN JOHAN Gus- 
TAF, Electrical Inspector, Under- 
writers’ Association of the Middle De- 
partment, Reading, Pa. 

BERN, Emit Gustavus, Electrical En- 
gineer, General Electric Co., Schenec- 
tady, N. Y. 

BERNHARD, FRANK Hvuco, Instructor 
in Electrical Engineering, Armour In- 
stitute of Technology; res. 1534 
Fulton St., Chicago, lll. 

Botser, Mites Orton, Student, Iowa 
State College, Ames, Iowa. 

BoweEN, BENJAMIN JAMES, Equipment 
Engineer, New England Telephone 
and Telegraph Co., 101 Milk St., Bos- 
ton, Mass. - 

Bovp, Huan Harkness, Assistant Elec- 
trical Engineer, Canadian Pacific 
Railway Co., Winnipeg, Canada. 

BRANCH, GEORGE Irving, Draughts- 
man, Electrical Department, N. Y. C. 
and H. R. R.R. Co,, res.; 298 Pros- 
pect Place, Brooklyn, N. Y. 

BREED, Everett Mark, District Man- 
ager, Allis-Chalmers-Bullock Co., 
Ltd., Vancouver, B. С. 

Brown, Harry WaGNER, Electrician, 
Rocky Mountain Bell Telephone Co., 
Butte, Mont. 
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Brown, WirrRID JAMES, Repair Elec- 
trician, Shawinigan Water and Power 
Co.; res., Cascade Inn, Shawinigan 
Falls, Can. 


Browne, WILFRED HALL, Chief Clerk, 
Contract Department, Georgia Rail- 
way and Electric Light Co., Atlanta, 
Ga. 


BROWNELL, FRANK WiLBvR, Hudson 
River Telephone Co., Goshen, N. Y. 


BurLER, WILLIAM, Electrical Engineer, 
Lockport Gas and Electric Light Co., 
107 Grand St., Lockport, N. Y. 


BYERS, VERNON CLYDE, Assistant in 
Engineering Department, J. G. White 
and Co., 43 Exchange Place, New 
York City. 


CAMPBELL, JoHN M., General Manager, 
Buffalo, Lockport and Rochester Rail- 
way, Kingston, Ont. 

CARLE, Ray Artuur, Erecting Engi- 
neer, Westinghouse Electric and Mfg. 
Co., 1502 Continental Trust Bldg, 
Baltimore, Md. 


CaRRoLL, Louis WaARDEN, Telephone 
Engineer, Western Electric Co., Chi- 
cago; res.,, Riverside, Ш. 

Cary, CHARLES REED, Assistant Engi- 
neer, Penn., New York and Long 
Island R.R. Co., New York City; res., 
1 Garden St., Montclair, N. J. 


CaucHois, REGINALD WADSWORTH, Stu- 
dent, Columbia University; res., 458 
W. 144th St., New York City. 

Cuitp, ROLAND SPEAKMAN, Instructor, 
Brooklyn Polytechnic Institute; res., 
22 Garden Place, Brooklyn, N. Y. 


CLEMENT, HENRY CHAMBERLAIN, AS- 
sistant Engineering Department, J. 
С. White & Co.; res., 66 W. 9th St.. 
New York City. 


Cozy, STEWART CLARK, Assistant in 
Electrical Department, J. G. White 
& Co., 43 Exchange Place, New York 
City; res., 156 Broad St., Newark, 
N. J. 


Corrin, [185118 ROLAND, Statistical 
Dept., Stone and Webster, 84 State 
St., Boston; res., 1136 Hancock St., 
Quincy, Mass. 
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CoLEMAN, EDWARD J., Superintendent, 
N. Y. City Interborough Railway 
Co.; res, 2004 Washington Ave., 
New York City. 

CONRAD, NICHOLAS JOHN, Electrical En- 
gineer, Testing Department, Chicago 
Edison Co., 139 Adams St., Chicago, 
ПІ. 

Cooper, Leo Henry, Switchboard In- 
staller, Tri-State Telegraph and Tele- 
phone Co., Minneapolis, Minn. 

CRAVENS, GEORGE WAVERLEY, Engi- 
neer, General Electric Co., Schenec- 
tady, N. Y. 

CRAWFORD, MacGnus ТАТЕ, Draftsman, 
Seattle-Tacoma Power Co., Univer- 
sity Station, Seattle, Wash. 

CROWELL, LUTHER ALBERTO, Salesman, 
Westinghouse Electric and Mfg. Co., 
716 Board of Trade Bldg.; res., 39 
Concord Sq., Boston, Mass. 

DANIELS, NATHAN H., JR., Stone and 
Webster, 84 State St., Boston, Mass. 

Day, THomas Henry, Electrical In- 


spector, Hartford Board of Fire 
Underwriters, 27 Pliny St., Hart- 
ford, Conn. 

DEBaAuFRE, WILLIAM LANE, Student, 


Lehigh University; res., 713 Broad- 
wav, So. Bethlehem, Pa. 

Eaton, RALPH WALDO, Commercial En- 
gineer, Westinghouse Electric and 
Mfg. Co.; res., Technology Chambers, 
Boston, Mass. 

ELLioTT, Howarpb STICKNEY, Instruc- 
tor in Electrical Engineering, Univer- 
sity of Wisconsin; res., 707 State St., 
Madison, Wis. 

ELweELL, Davin, Engineer, Railway 
Construction Department Westing- 
house Electric and Mfg. Co., Pitts- 
burg, Ра.; res., 7 Fairview Pl., New 
Rochelle, N. Y. 

ELY, CHARLES CADWALLADER, Construc- 
ting Engineer, Kansas City and West- 
ern Railway, Rosedale Station, Kan- 
sas City, Mo. 

Emery, LoreN, Draftsman, Stone and 
Webster, 84 State St.; res., 131 New- 
bury St., Boston, Mass. 

Farrow, Percival RoBert, Chief Op- 
erator, Kammistiquia Power Co, 
Kakabeka Falls, Ont. 
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Ferry, MoNTAGUE, Engineer, S. С. 
McMeen; res., 787 Market St., San 
Francisco, Cal. 

FINNEY, ALFRED CARREL, Switchboard 
Inspector, General Electric Co.; res., 
45 Front St., Schenectady, N. Y. 

FISCHER, ADOLPH Lovis, Assistant, 
Transformer Department, Thomson, 
Houston Electric Co., W. Lynn; res., 
44 Oliver St., Malden, Mass. 

FLEET, JAMES A., General Superinten- 
dent, Consolidated Electric Light Co., 
Portland, Me. 

FLESHIEM, ROBERT STEPHENSON, Sales 
Engineer, Allis-Chalmers Co., 1505 
First National Bank Bldg., Cincin- 
nati, O. 

ForMAN, Paris RALPH, Mechanical En- 
gineer, Burdett, Rowntree Mfg. Co., 
85 W. Jackson St.; res., 735 Princeton 
Ave., Chicago, Ill. 

FosTER, WILLIAM JAMES, Design Engi- 
neer, General Electric Co.; res., 2 
Douglas Road, Schenectady, N. Y. 

Garwoop, Homer DeWitt, Assistant 
Engineer and Draftsman, Westing- 
house, Church, Kerr & Co., Louis- 
ville, Colo. 

Gay, FREDERICK Wa po, Mechanical 
Engineer, J. G. White and Co., 43 
Exchange Pl.. New York City. 

GiLcHRIsT, Epwarp L., Engineer, Po- 
tomac Electric Power Co, Washing- 
ton, D. С. 

GRAHAM, FRANK WALDRON, Superin- 
tendent of Construction, Department 
ment of Electricitv, Jamestown Ex- 
position, Pine Beach, Va. 

GREENE, EVERETT LENT, Electrical En- 
gineer, Westinghouse Electric and 
Mfg. Co., 245 39th St., Brooklyn, 
N. Y. 

НАР, R. A., 204 Sherwood Ave., 
Staunton, Va. 

HaLL, GEORGE RAYMOND Assistant En- 
gineer, Westinghouse, Church, Kerr 
and Co., 10 Bridge St., New York 
City; res., 491 Classon Ave., Brooklyn 
N. Y. 

HarL, WILLIAM ALEXANDER, Drafts- 
man, N. Y. C. and H. R. R.R. Co.; 
res., 126a W. 127th St., New York 
City. 
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Harper, JOHN Lye ct, Chief Engineer, 
Niagara Falls Hydraulic Power and 
Mfg. Co., Niagara Falls, N. Y. 

Hewitt, Howard Bearley, Labora- 
tory Assistant, Albert B. Herrick, 
Ridgewood, N. J. 

Hit, Josern S., Chief Engineer De- 
partment of Interior, 8th and E Sts. 
N. W. res., The Ednor, 2118 P St. 
N. W., Washington, D. C. 

Hiss, WittiAM Jacos, JR., New York 
Telephone Co., 15 Dey St.; res., 357 
W. 115th St., New York City. 

HOLDEN, CHRISTOPHER, Assistant Elec- 


trical Engineer, Carnegie Library, 
Power Construction Dept., Winni- 
peg, Man. 

HorrtaANbD, Wayman A. JR., Tester. 


General Electric Co.; res., 637 Terrace 
Pl., Schenectady. №. Y. 

HorsTEIN, Отто, District Inspector, 
Postofhces and Telegraphs, Bureau of 
Posts, Ormoc Leyte, P. I. 

Honeyman, PauL Depve, Division Con- 
struction Superintendent, New York 
Telephone Co., 15 Dey St., New York 
City; res., 155 Winthrop St., Brook- 
lyn, N. Y. 

HookER, HENRY KEENE, Clerk, N. W. 
Harris & Co., Boston; res., Wellesley 
Hills, Mass. 

Horton, WaLterR H., Superintendent 
and Engineer, Rutland Railway Light 
and Power Co., Rutland, Vt. 


House, ROBERT CLEMENTS, Inspector 
on Electrical Subways, L. B. Still- 
well, 100 Broadway; res. 306 W. 
140th St., New York City. 

Hovey, ALBERT FREDERICK, Cable En- 
gineer, Interborough Rapid Transit 
Co.; res., 210 W. 107th St., New York 
City. 

Howe tr, Rosert РнилрР, Jn. First 
Lieut. Corps of Engineers, U. S. 
Army, Washington Barracks, Wash- 
ington, .D С. 

Нил, Herserr Lapson, Traveling 
Electrical Salesman, Ewing Merkle 
Electric Co., Fort Worth, Tex. 

HuMPHREY, Ковевт Guy, Engineer, 
Curtis and Hine, Colorado Springs, 
Colo. 
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Hunp, BENJAMIN, President, Hurd and 
Haggin, 316 Hudson St., New York 
City; res., Nutlev, N. J. 

Hynes, WILDRIE FREEMAN, Construc- 
tion Engineer, Electrical Department, 
Allis-Chalmers Со. 71 Broadway, 
New York City. 

IREMONGER, КовкЕкт S. Engineer, 
N. Y.and N. J. Telephone Co., 547 
Clinton Ave.; res., 319 Quincy St., 
Brooklyn, N. Y. 

Jones, Lewis CuarLes, Construction 
Engineer, Chicago Telephone Co., 203 
Washington St.; res., 28 Buena Vista 
Terrace, Chicago, Ill. 

KEELER, NELSON BERTRAND, Elec- 
trical Engineer, U. S. Engineering 
Department, 11 West St., New Lon- 
don, Conn. 

KENDALL, МиллАМ Roy, Consulting 
Electrical Engineer, Weeks and Ken- 
dall, 605 New Nelson Bldg., Kansas 
Citv, Mo. А 

KERiNs. JouN STEWART, Student Brook- 
lyn Polytechnic Institute; res., 993 
Summit Ave., New York City. 

Larkin, FRED V., Engineer, Telluride 

Power Co., Ames, Colo. 

LELAND, GEoRGE BENTON, Superinten- 
dent, Stamford Gas and Electric Co., 
Stamford, Conn. 


Loeurx, ALEXANDER J., Draftsman, 
Westinghouse Electric and Mfg. Co., 
Pittsburg: res, 1169 South Ave, 
Wilkinsburg, Pa. 

Mappocks, WILLIAM SAMUEL, Erecting 
Engineer, Westinghouse Electric and 
Mfg. Co., 730 Board of Trade Bldg., 
Boston; res., 10 Chandler St., W. 
Somerville, Mass. 

MANLEY, JOHN CHARLES, Assistant Con- 
struction Superintendent, 
Edison Co., 139 Adams St.; res., 5704 
S. Peoria St., Chicago, Ill. 

MARTIN, JoHN. Assistant Designing En- 
gineer, British Thomson- Houston Co., 
Ltd.; res., Belgrave, Rugby, Eng. 

MasTERS, WILFORD THOMPSON, Super- 
intendent, Power Distribution, Bos- 
ton Elevated Railway Co., 439 Al- 
bany St.; res., 174 W. Brookline St., 
Boston, Mass. 


Chicago . 
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McCurpy, GEORGE ALEXANDER, Elec- 
trical Engineer, Madison Sq. Theatre; 
res., 8 W. 66th St., New York City. 

McQuarrie, J. L., Assistant Chief En- 
gineer, Western Electric Co., 259 So. 
Clinton St., Chicago, Ill. 

MICKEY, ROBERT KINSELY, President 
and General Manager, Novelty Incan- 
descent Lamp Co., Emporium, Pa. 

MILLER, ANGUS KENNETH, Assistant 
Engineer, Brooklyn Rapid Transit Co.; 
res., 85 Clinton St., Brooklyn, N.Y. 

MONTGOMERY, GEORGE ARCHIBALD, 
General Superintendent, Montgomery 
Light and Water Power Co., Mont- 
gomery, Ala. К 

MoncAN, ЈоѕЕРН, Consulting Engineer. 
Cambria Steel Co., Westmont, Johns- 
town, Pa. 

MoRGANS, FRANK Davis, Member of 
firm and Chief Engineer, H. L. Roper 
and Co.; res., 501 Wyoming St., El 
Paso, Texas. 

Moses, Percy LAWRENCE, Assistant 
Engineer, Stone and Webster at 
Stoughton Gas and Electric Co.; res, 
147 Washington St., Brookline, Mass. 

MurRpHY, Francis Hayes, Professor of 
Electrical Engineering, Highland 
Park College, Highland Park, Des 
Moines, Ia. 

MvusiL, Louis FREDERICK, Н. L. Doher- 
ty and Co., 60 Wall St., New York 
City. 

NICHOLS, GEORGE Brown, Electrical 
Draughtsman, Board of Education, 
Park Ave. and 59th St., New York 
City; res., 1642 41st St., Brooklyn, 
Мы, 

NIELSEN, AXEL, Inspector, Westing- 
house Electric and Mfg. Co.; res., 162 
Plane St, Newark, N. J. 

NOBLE, IrvINE Morrison, Operating 
Department, Gould Storage Battery 
Co.,341 Fifth Ave ; res., 82 W. Wash- 
ington Pl., New York City. 

NORCROSS, ARTHUR FLoyp, Student, 
University of Minnesota; res., 3122 
Clinton Ave., Minneapolis, Minn. 

NORTHMORE, EMANUEL RICHARD, Su- 
perintendent Los Angeles Gas and 
Electric Co.; res., 1530 Winfield St., 
Los Angeles, Cal. 


16 |». PROCEEDINGS OF A.I. E. E. 


NOWELL, JOHN CHASE, Superintendent 
of Plant, Bell Telephone Co., and 
Delaware and Atlantic Telegraph and 
Telephone Co., 17th and Filbert Sts, 
Philadelphia, Pa. 

NOYES, FRANK ALBERT, Assistant Elec- 
trical Engineer, Rio Janeiro Light and 
Power Co., Rio Janeiro, Brazil. 

Oscoop, Isaac, Inspector, Underwriters 
Bureau of New England; res., 8 Al- 
bion St., Lawrence, Mass. 

Oris, Henry BairEev, Manager, Chicago 
Office, Cutter Electrical and Mfg. Co., 
636 Marquette Bldg.; res., 793 Wash- 
ington Boulevard, Chicago, Ill. 

PETERSON, JESSE, President and Man- 
ager, United Insulated Fibre Co., 
Lockport, N. Y. 

PirMAN, Harry M., Manager, Calistoga 
Electric Light and Power Co., Calis- 
toga, Cal. 

Poroskv, WaLtTeR Davip, Engineer, 
Harry Alexander, 18 W. 34th St.; 
res., 15 W. 91st St., New York City. 

PuTNAM, JOSEPH WARREN, Assistant 
Engineer, Toronto and Niagara Power 
Co.; геѕ., 758 King St. East, Hamil- 
ton, Ont. 

RALSTON, JosEPH H., Contracting En- 
gineer; res., 206 E. Third St., Albany, 
Ore. 

REILLY. JoHN ЈоѕЕРН, Assistant Fore- 
man, Meter Department, Philadel- 
phia Electric Co., 122 Arch St ; res., 
2209 W. Thompson St., Philadelphia, 
Pa. 

REIMERS, FREDERICK WILLIAM, Elec- 
trical Engineer, J. G. White and Co., 
in the Tri-City Railway and Light 
Co., 1136 2d Ave., Rock Island, Ill. 

Rionpa, MANUEL ENRIGNE, Partner and 
Director, Czarnikow MacDonald & 
Co., 112 Wall St.; res., 141 West 93d 
St., New York City. 

ROPENBAECK, GEORGE ALBRECHT, As- 
sistant, Massachusetts Institute of 
Technology; res., 161 Massachusetts 
Ave., Boston, Mass. 

ROWNTREE, HAROLD, Secretary, Burdett 
Rowntree Mfg. Co., 85 W. Jackson 
St.; res., 7321 Princeton Ave., Chi- 
cago, Ш. 
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Rupe, EpwiN Hervey, Telephone En- 
gineer, Kellogg Switchboard and Sup- 
ply Co., 1456 Leland Ave., Chicago, 
lil. 

Rusu, Harry SPEER, Testman, Gen- 
eral Electric Co.; res, 1 Eagle St., 
Schenectady, N. Y. 

Ryan, Epwarpb James, Draftsman, City 
Engineers’ Office: res., 211 W. Warren 
Ave., Detroit, Mich. 

SCHMEISSER, ERNEST Са, Assistant 

Electrical Engineer, with George 
Gibbs, Penn., N. Y. and L. I. R.R. 
Co., 10 Bridge St.; геѕ., 10 W. 128th 
St., New York City. 

SEAMAN, HanRorp HisBBaRD, Manager, 


Electric Storage Battery Co., 1127 
Candler Bldg., Atlanta, Ga. 

SEAVER, JAMES THATCHER, Chief 
Draftsman,, N. Y. C. and H. R. 


R.R. Co., Electrical Department, 335 
Madison Ave.; res., 147 W. 127th St., 
New York City. 

SHEPARD, Francis Henry, Special Rep- 
resentative, Westinghouse Electric 
and Mfg. Co., 11 Pine St., New York 
City. 

SMITH, DANIEL ARTHUR, Head of Elec- 
trical Department, Tuskegee Insti- 
tute, Tuskegee, Ala. 

SMITH, RAvYMOND WESTHORPE, Inspec- 
tor, N. Y. C. and H. R. К.К. Со, 
Engineering Department; res., 361 W. 
22d St., New York City. 

SMITH, Vinton, Student, Brooklyn 
Polytechnic Institute; res., 34 South 
Oxford St., Brooklyn, N. Y. 

SoLoMON, Isaac Rosu, Instructor in 
Electrical Engineering, University of 
Pennsylvania, Engineering Depart- 
ment; res., 3408 Sansom St., Phila- 
delphia, Pa. 

SPALDING, EpwaRp Burson, Drafts- 
man, Signal Engineering Department, 
Great Northern Railway, St. Paul, 
Minn. 

STANLEY, GEORGE JAMES, Electrical 
Engineer, Aluminum Co. of America; 
res., Poqueto Club, Parnassus, Pa. 

STEBBINS, ROWLAND, Engineering Sales- 
man, Westinghouse Electric and Mfg. 
Co ; res., 6 E. 41st St., New York City. 
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Stein, HERMAN KROBERGER. Erecting 
Engineer, Westinghouse Electric and 
Mfg. Co., 730 Board of Trade Bldg., 
Boston, Mass. 


STEVENS, Oscar EcERTON, General 
Railway Signal Co., Buffalo, N. Y. 
STOLL, CLARENCE GriFFITH, Telephone 
Engineer, Western Electric Co.. 259 
So. Clinton St., Chicago, Ill. 

SturGES, Harry WILTon. Electrical 
Engineer, American Tool and Ma- 
chine Co. of Boston; res., Pierce Hall, 
Cambridge, Mass. 


SUNDHEIMER, ARTHUR Isaac, Student, 
Columbia University; res., 234 W. 
137th St., New York City. 

SurTON, FRANK, Consulting Electrical 
Engineer, 91 Wall St., New York City. 

TENNEY, EpGar Lamont, Draftsman, 
Indiana Steel Co., 251 Montrose 
Boulevard, Chicago, Ill. 

THAYER, BURDETT CorRDALE, Westing- 
house Electric and Mfg. Co., 730 
Board of Trade Bldg., Boston; res., 
West Medford, Mass. 


THomas, GEORGE CARLYLE, Engineer, 
Singer Mfg. Co.; res., 143 Beach St., 
Bridgeport, Conn. 

THOMPSON, ALBERT REESE, New York 
Edison Co., 55 Duane St.; res., 226 
W. 105th St., New York City. 

Tozer, CHARLES ADELBERT, Telluride 
Power Co.. Ames, Colo 


UzzELL, GEoRGE WALTER, Student, 
University of Minnesota; res., 1901 
University Ave., Minneapolis, Minn. 

VALENTINE, FREDERIC PALMER, Engi- 
neer of Traffic, New England Tele- 
phone and Telegraph Co., 101 Milk 
St., Boston, Mass. 


WaLTON, Percy James, Switchboard 
Inspector, General Electric Co.; res.. 
2 Eagle St., Schenectady, N. Y. 


Waite, HENRY STEVENS, Assistant Su- 
perintendent, Greenville Carolina 
Power Co., Greenville, S. C. 


Wuitinc, Max ALBERT, Power and 
Mining Department, General Electric 
Co.; res., 4 Eagle St., Schenectady, 
Ne Y: 
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WILLIAMS, SAMUEL BonTAR, Cable En- 
gineer, Bell Telephone Co.; res., 608 
No. 34th St., Philadelphia, Pa. 

WirsoN, Davip H., Jr., Electrical En- 
gineer, Erie Railroad, Meadville, Pa. 

Witson, J. F., Chief Operator, Postal 
Telegraph Cable Co.; res., 11 Auburn- 
dale Ave., Memphis, Tenn. 

York, Bert STARR, Power Apparatus 
Salesman, Western Electric Co.; res., 
207 Hazel Ave., Chicago, Ill. 

Younc, WirBvuR HuBBELL, Engineer- 
ing Department, Gould Storage Bat- 
tery Co., 351 Fifth Ave., New York 
City; res., Keyport, N. J. 


The Secretary announced further that 
the following Associates were trans- 
ferred to the grade of Member: 


Cyrus WELLINGTON KoiNER, Secre- 
tary-Treasurer and Engineer of the 
National Limited and Improvement 
Co., St. Louis, Mo. 


CaRL Epwarp Macnusson, Professor 
of Electrical Engineering, University 
of Washington, Seattle, Washington. 

L. Н. Tuven, Electrical Engineer of 
the Union Switch and Signal Co., 
Edgewood Park, N. J. 


Ropert Francis HaAvwanp, General 
Manager Mexican Light and Power 
Co., Ltd., Mexico, D. F. 


PETER JUNKERSFELD, Electrical Engi- 
neer, Chicago Edison Co., Chicago, 
Ш. 

ALBERT B. HnRick, Consulting Elec- 
trical Engineer, Ridgewood, N. J. 


The Secretary announced further that 
two separate meetings would be held 
simultaneously this evening, as follows: 
in the Auditorium a meeting for the 
reading and discussing of a paper by 
Sergius P. Grace, entitled '" The Tele- 
phone Wire Plant "; in Assembly Hall 
No. 2 on the fifth floor, a meeting for 
the reading and discussing of a paper 
by D. McFarlan Moore entitled '' Light 
for Gaseous Conductors within Glass 
Tubes—The Moore Light." Manager 
J. J. Carty presided at the telephone 
meeting, Vice-president Dunn at the 
Moore light meeting. The papers were 
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read by the authors. The Moore paper 
was discussed by Messrs. Gano Dunn, 
C. P. Steinmetz, P. Н. Thomas, € Н. 
Sharp, J. W. Howell, Leon Gaster, D. 
McF. Moore. 

The Grace paper was discussed by 
Messrs. J. J. Carty, H. V. Haves, G. M. 
Yorke, F. L. Gilman, K. B. Miller, 5. P. 
Grace. 


Annual Meeting 


The 219th regular and the 24th 
Annual Meeting of the American Insti- 
tute of Electrical Engineers was held 
in the Auditorium of the Engineers’ 
Building, 33 West Thirtv-ninth street, 
New York, Tuesday, May 21, 1907, at 
7:45 p.m. 

The Secretary announced that at the 
meeting of the Board of Directors held 
during the afternoon there were five 
Associates elected as follows: 


ARNSTEIN, WALTER, Secretary and En- 
gineer, City Electric Co. and Central 
California Traction Co.; res., 166 First 
Ave., San Francisco, Cal. 

GRIFFITH, GERALD GEOFFREY, Travel- 
ling Installer of Switchboards, West- 
ern Electric Co., Chicago, Ill; res., 
Kennewick, Washington. 

Knapp, LLovp ELLwoop, Business Man- 
ager American Telephone Journal, 
100 William St., New York City. 

MUIRHEAD, JAMES, Assistant Designing 
Engineer, British Thomson Houston 
Co., Ltd.; res., Belgrave, Clifton Road 
Rugby, England. 

WirsoN, JOHN Fay, 
Woodward Cotton Co., 
Okla. 


Superintendent, 
Woodward, 


The Secretary announced further that 
the following Associates were trans- 
ferred to the grade of Member: 


Francis Lyman Gir MAN, Telephone En- 
gineer, 463 West St., New York City. 

Ерліх SIBLEY WEBSTER, Electrical En- 
gineer, Stone & Webster, 84 State St., 
Boston, Mass. 

CHARLES AUGUSTUS STONE, Electrical 
Engineer, Stone & Webster, 84 State 
St., Boston, Mass. 
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The Secretary announced further that 
owing to the fact that the constitu- 
tional requirement that candidates must 
have been posted twenty davs prior to 
election, the 273 names listed in. April 
PRocEEDiINGS could not be acted upon at 
this meeting. 

The Secretary then read the report of 
the Board of Directors for the fiscal 
vear ending April 30, 1907. [This re- 
port is printed in full at the end of 
Section II of this ProcEEpINGs.] 

The Secretary reported that 283 
proxies had been received and that 
the necessary number of members were 
either present or represented at the 
meeting to form a quorum. 

PRESIDENT SHELDON: I have had 
handed to me by the chairman of the 
Committee of Tellers, Mr. B. V. Swen- 
son, the report of the committee on the 
new Constitution and upon the election 
of officers. I will ask the Secretary to 
read the report concerning the proposed 
revised Constitution. 

The Secretary read the report show- 
ing that 2358 members voted in favor 
of the adoption of the revised constitu- 
tion; 95 against; and 17 blank ballots. 

PRESIDENT SHELDON: According to 
this report I declare the new Constitu- 
tion to go into effect twenty days from 
this date. I will ask the Secretary to 
read the report of the Committee. of 
Tellers on the election of officers. 

The Secretary reported that 1406 
valid ballots had been passed, of which 
the following gentlemen received the 
number stated; For President, H. G. 
Stott, 1312. — Vice-presidents, L. A. 
Ferguson, 1382; J. G. White, 1376; W. 
C. L. Eglin, 1310. Por Managers, B. С, 
Lamme, 1363; H. W. Buck, 1355; P. H. 
Thomas, 1355; Morgan Brooks. 1255. 
For Treasurer, George A. Hamilton, 
1402. For Secretary, Ralph W. Pope, 
1402. [There were a number of scatter- 
ing ballots for other persons 

PRESIDENT SHELDON: In accordance 
with this report, I declare H. G. Stott 
elected President to hold office for one 
vear; L. A. Ferguson, J. G. White and 
W. C. L. Eglin, Vice-presidents, to hold 
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office for two years; B. G. Lamme, 
H. W. Buck. P. H. Thomas, and Morgan 
Brooks, Managers to hold office for 
three years; George À. Hamilton, to 
hold office as Treasurer for one vear; 
and Ralph W. Pope to hold office as 
Secretarv for one vear, to take office 
in accordance with the new Constitu- 
tion. 

А paper entitled ‘Some Facts and 
Problems Bearing on Electric. Trunk- 
Line Operation." was then presented 
bv Mr. Frank W. Sprague, and dis- 
cussed by Messrs. W. J. Wilgus, L. B. 
Stilbvell, W. B. Potter, С. Е. Scott. 
N. W, Storer, G. R. Henderson. Wm 
McClellan, А. Н. Armstrong, C. P. 
Steinmetz, F. J. Sprague. 


Student Badges 


The Board of Directors having ap- 
proved a design for an emblem for the 
use of enrolled students, arrangements 
have been made to supply the follow- 
ing stvles: 

Vest-pins. scarf-pins and pendants 
$3.00; Buttons, $4.00 

These badges are of the same shape 
as the standard Institute pin, but only 
half the size, and bear an elongated 
letter `$” entwined with the initials 
AILE Е. They are well made of 14k 
gold and black enamel. Remittance 
should be made with order, and if cur- 
rency. the letter should be registered. 
If not satisfactory thev may be re- 
turned at owner's risk. No engraving 
will be done bv the Institute. It is 
believed that this tells the whole story, 
and it is hoped that letters of inquiry 
will not be necessary. 


Code of Ethics 


The report of the Committee on 
Code of Ethics appears on pages 779-783, 
Section II of this issue. It will be 
brought up for discussion at the Niagara 
Falls Convention. It should be care- 
fully considered, and all members are 
invited to send in written discussions. 
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Applications for Election 


Applications have been received bv 
the Secretarv from the following can- 
didates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting 
to the election of апу of these candi- 
dates should so inform the Secretary 
before June 21, 1907. 


6281 J. P. Lough, New York Citv. 
6282 Н. V. Rugg, Philadelphia, Pa. 
6283 Carl Sternberg, Minneapolis, Minn. 
6284 J. A. Stewart, New York City. 
6285 Jan Vanderzande, San Francisco. 
6286 C. A. LeQuesne, Jr., N. Y. City. 
6287 C. H. Bovell, Wilkinsburg, Pa. 
6288 T. D. Buckwell, Toledo, О. 

6289 C. H. Felker, Toledo, O. 

6290 M. W. Hansen, Toledo, O. 

6291 W. H. Inbusch, Los Angeles, Cal. 
6292 J. R. S. Sian, Jr., Georgetown, S.C. 
6293 F. E. Congdon, New York City. 


7 6294 Н.О. Hammond, New York Cit y. 


6295 I. W. Edwards, Brooklyn, N. Y. 
6206 W. A. Hvde, Washington, D. C. 
6297 H. €. Tooker, New York City. 
6298 F. L. Baer, Oakland, Cal. 

6299 L. E. Beilstein, Toledo, O. 

6300 J. О. Andrew, Great Falls, 5. C. 
6301 L. R. Adams, Monroe, La. 

6302 A. T. Beauregard, Newark, N. J. 
6303 F. J. Hoff, Brooklyn, N. Y. 

6304 W. S. Kilmer, New York Cit y. 
6305 E. W. Long, East Orange, N. J. 
6306 J. S. Shumaker, Boston, Mass. 
6307 W.P.Van Wyck,Perth Amboy, N.J 
6308 A. H. Buck, New York City. 
6309 S.H. Kannacher, Schenectady, N.Y 
6310 A. P. Steckel, Buffalo, N. Y. 
6311 Geo. Slack, Missoula, Mont. 
6312 Ray Timmerman, Provo, Utah. 
6313 A. H. Berry, Lowell, Mass. 

6314 F. S. Clevenger, Brooklyn, N. Y. 
6315 L. Elliott. Colorado Spgs., Colo. 
6316 B. C. Heldeman, Kansas City, Mo. 
6317 Burnell Poole, Brooklvn, N. Y. 
6318 E. B. Rannells, Brooklvn, N. Y. 
6319 W. D. Scott, Buffalo, N. Y. 

6320 R. H. Alton, Schenectady, N. Y. 
6321 B. M. Kershner, San Francisco. 
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6322 
6323 
6324 
6325 
6326 
6327 
6328 
6329 
6330 
6331 
6332 
6333 
6334 
6335 
6336 
6337 
6338 
6339 
6340 
6341 
6342 
6343 
6344 
6345 
63406 
6347 
6348 
6349 
6350 
6351 
6302 
6353 
6354 
6355 
6356 
6357 
6358 
6359 
6360 
6361 
6362 
6363 
6364 
6365 
6366 
6367 
6368 
6369 
6370 
6371 
6372 
6373 
6374 
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C. W. Young, St. Louis, Mo. 
А. С. Bowen, Morristown, М. J. 


E. A. Baldwin, Schenectady, N. Y. 


А. L. DuBois, Grantwood, N. J. 


О. W. Lillard, San Francisco, Cal. 
F. J. Murmann, Mt. Vernon, N. Y. 


M. L. Stack, New Haven, Conn. 
W. A. Wagner, New York City. 
G. E. West, Pittsfield, Mass. 


D. À. Wilkes, Washington, D. C. 


E. J. LeBlond, Salt Lake Cit y. 
C. B. Smith, Helena, Mont. 

№. S. Resor, Chicago, ПІ. 

G. Lundgren, Cherokee, Ia. 

B. F. Simmons, Holyoke, Mass. 
E. L. Wilder, Pittsburg, Pa. 
W. A. Maxwell, Windsor, Ont. 
W. N. Fashbaugh, N. Y. City. 
W. B. Wilkinson, Chicago, Ill. 
F. S. Gassaway, U. Montclair. 
K. H. Logan, Brooklvn, N. Y. 
M. Creese, State College, Pa. 


G. R. Benjamin, Jersey City, N. J. 


W. F. Smith, Los Angeles, Cal. 
W. I. Bolen, Mexico City, Mex. 
M. A. Humble, Pittsburg, Pa. 
T. B. Micklev, New York City. 
W. A. Miller, New York City. 
G. B. Glassco, Wilkinsburg, Pa. 
A. B. Cox, Lynn, Mass. 

J. €. Terry, Chicago, Ill. 


J. S. Williams, Wilkinsburg, Pa. 


J. B. Harmon, Brooklyn, N. Y. 
H. C. Kendall, Wilkinsburg, Pa. 
C. T. Dodd, Pasadena, Cal. 

H. C. Gardett, Los Angeles, Cal. 
Daniel Maass, Pittsburg, Pa. 


G. D. Hawkins, Philadelphia, Pa. 


O. A. Fick, Boston, Mass. 

L. J. Heizmann, Reading, Pa. 
Daniel Morgan, Pittsburg, Pa. 
John McKenzie, Chicago. IN. 

H. E. Burkart, Toledo, O. 

Gerald Deakin, San Francisco, Cal. 
J. M. Fried, Ithaca, N. Y. 

J. А. Johnson, Niagara Falls, N. Y. 
M. W. Munro, Dunedin, N. Z. 

A. L. Pond, Chicago, Ill. 

E. W. Paul, Pittsburg, Pa. 

R.W. Shoemaker, Farinington, Mo. 
M. V. Sauer, Niagara Falls, N. Y. 
Thurlow Travis, New York City. 
E. Н. Bru, Pachuca, Mex. 


6379 
6350 
6381 
6382 
6383 
6384 
6385 
6386 
6387 
6388 
6389 
6390 
6391 
6392 
6393 
6394 
6395 
6396 
6397 
63908 
0399 
6400 
6401 
6402 
6403 
6404 
6105 
6406 
6407 
6408 
6409 
6110 
6111 
6412 
6413 
6414 
6415 
6510 
6517 
6418 
6119 
6120 
6421 
6422 
6423 
6424 
0425 
6426 
6427 
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H. F. Cox, Ft. Bayard, N. M. 

A. G. Hastie, Wilkinsburg, Pa 
Charles Stephens, Wilkinsburg, Pa. 
G. B. Warner, Boston, Mass. 
J. M. Nightingale, Schenectady. 
O. €. Roedder, Karlsruhe, Ger. 
Julius Strauss, New York City. 
G. E. Brett, Wilkes-Barre, Pa. 
H. W. Deeds, San Francisco, Cal. 
J. T. Frankenberg, Providence. 
W.A. Rankin, Painesdale, Mich. 
C. E. Theobald, New York City. 
C. G. Durfee, Rochester, N. Y. 
A.G. Shearer, Wallsend, Eng. 

F. J. Baur. Holland, O. 
‚ E. Currie, Dayton, О. 
. F. Hansen, Stockton, Cal. 
. M. Morganstern, Pittsburg, Pa. 
. E. Aanonsen, Buffalo, N. Y. 
. E. Cole, Boston, Mass. 
. J. Paige, Chicago, №. 

H. Rogers, Brooklyn, N. Y. 
E. Brenton, St. Louis, Mo. 

B. Brown, Lvnn, Mass. 

E. Colby, Windsor, Conn. 
. S. Hall, Pucbla, Mex. 
. А. Moss, Lynn, Mass 
A. Mover, New York City. 
. P. Stephens, Danville, Va 
. D. Ward, Ft. Worth, Tex. 

W. E. Young, Toronto, Ont. 

F. H. Abbott, Houghton, Mich. 
S. M. Greer. Brooklyn, №. Y. 

L. A. Shrewsburv, El Oro, Mex. 
W. R. Schmidlev, St. Louis, Mo. 
V. A. Wolcott, Schenectadv, N. Y. 
H. L. Barnholdt, Pittsfield, Mass. 
R. Hiltbrand. Cincinnati, O 

H. Milliken, New York City. 

J. К. MacDonald, Anaconda, Mont 
F. D. Newbury, Wilkinsburg, Pa. 
Victor Wichum, Brooklvn, N. Y. 
Н. С. Dechant. New York City. 
J. M. Hipple, E. Pittsburg. Pa. 
M. King, Јг., New York Cit v. 
А. J. Porskievies, Ampere, №. J. 
G. M. Simmons, Jamaica, N. Y. 
L. W. Nims, Mexico, Mex. 
O. C. Snider, Kansas City, Mo. 
M. Freund, New York Cit v. 

Emil Grah, Toledo, O. 

E. H. Jewett, Toledo, O. 

H. T. Prendergast, Toledo, O. 
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64128 
6429 
6430 
6431 
6132 
6138 
6434 
6435 
6436 
6137 
6438 
6439 
6440 
6411 
6442 
6413 
6444 
6445 
6446 
6447 
6448 
6449 
6450 
6451 
0452 
6453 
6454 
6455 
6456 
6457 
6458 
6459 
6460 
6161 
6462 
6463 
6164 
6465 
6466 
6467 
6468 
6169 
6470 
6471 
6172 
6473 
6474 
6475 
6476 
6477 
6478 
6479 
6480 
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L. Albright, Buffalo, N. Y. 

W. L. Hopper, Somerville, Mass. 
H. F. Lincoln, Grand Falls, N. F. 
P. M. Rainey, New York City. 
C. L. Reeder, Baltimore. Md. 

А. R. Sawyer, Lansing, Mich. 

R. Stearns, Schenectady, N. Y. 


F. D. Thompson, Brooklvn, N. Y. 


H. L. Darrah, Chatham, N. J. 
V. Durbin, Brookline, Mass. 
W. D. Lindsey, New York City. 
G. H. Malcolm, Yonkers, N. Y. 
G.W. Palmer, Jr., Fall River, Mass. 
D. Willison, Chicago, Ill. 

. Davison, Rochester, N. Y. 


F 

H 

A. Lof, Chicago, II. 
E. Martz, Seward, Neb 
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W. Thompson, Hazleton, Pa. 
Chas. West, Allentown, Pa. 

A. O'Shea, Washington, D. C. 

A. C. Redewill, Schenectady, N. Y. 
J. D. Ross, Brooklyn, N. Y. 

R. G. Dow, New York City. 

H. D. Enderiss, Philadelphia, Pa. 
T. Jennings. Pottsville, Pa. 

. L. McAfee, St. Paul, Minn. 
H. Rogers, Jr., Kansas City, Mo. 
. C. Brown, Salt Lake City, Utah 
. B. Cleveland, Schenectady. 
. Griffin, New York City. 

G. O. Mallett, Niagara, Falls, N. Y 
J. W. Sharp, Toledo, O. 

J. L. Diemer-Hanser, Bangkok, 
F. R. Fishback, Cleveland, O. 

C. R. R. Harris, Chicago, Ill. 
Paul Horan, Toledo, O. 

Е. D. Hershberger, Chicago, Ш. 
A. D. Holcomb, Atlanta, Ga. 

Н. W. Lindgren, Chicago, Ill. 
Lester Roth, Chicago, Ill. 

F. S. Davenport, Atlanta, Ga. 
M. D. Church, Wellsville, N. Y. 
H. L. Bostater, Chicago, Ill. 

Е. Н. Findley, Chicago, Лі. 

Е. Н. Gilchrest, Chicago, Ill. 

R. E. Hulett, Chicago, Ill. 

E. J. Jenness, Chicago, Ill. 

H. C. Mitchell, Chicago, Ill. 

C. M. Smith, Chicago, Ш. 

W. A. Stock, Chicago, Ill. 

W. A. Titus, Chicago, Ill. 


J. 
A 
]. 
H 
H 
H 


. LeTourneau, New York Citv 


А. Newbaker, Arequipa, Peru.. 


6481 А. Н. Vorum, Chicago, Ill. 
6482 J. L. Walker, Chicago, Ill. 
6483 F. B. Wilkerson, Chicago, Ill. 
6484 Harold Binney, New York City. 
6485 Н.Е. К. Clayton, Philadelphia, Pa 
6486 L. M. Parker, Peoria, Ill. 
6487 D. A. Roberts, Philadelphia, Pa. 
6488 Е. С. Soper, New York City. 
6489 E. H. Clarke, Svracuse, N. Y. 
6490 F. J. Clarke, Atlanta, Ga. 
6491 H. L. Caldwell, Chicago Hgts., Ill. 
6492 F. J. Hoxie. Phenix, R. I. 
6493 T. M. Harvey, Columbia, 5. C. 
6494 L. D. Layton. Svracuse, N. Y. 
6495 M. W. Pullen, Onawa, Ia. 
6496 J. W. Ricketts, Oroville, Cal. 
L. H. Burnham, Pittsfield. Mass. 
L. C. Norton, Toledo, O. 
p 
I 
G 


6197 
6498 
6499 C. B. Martin, Brooklyn, N. Y. 

. S. Taylor, Los Angeles, Cal. 
HI. Whitfield, Richmond, Va. 
I. C. Hoagland, Decatur, Il. 
6503 J. E. Felt, Toledo, O. 

6504 G. J. Miller, Toledo, O. 

6505 Н. P. Myers, Toledo, О. 

6506 T. D. Witherspoon, Toledo, O. 
6507 W F. Kimball, Malden, Mass. 
6508 J. B. Woodyatt, Hamilton, Ont. 
Total, 228. 


C 
6500 
6501 G. 
6502 
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Applications for Transfer 


Recommended for transfer by the 
Board of Examiners, June 7, 1907. 
Anv objection to these transfers should 
be filed at once with the Secretary. 


J. F. Newman, Superintendent and 
Chief Engineer, Wood Motor Vehicle 
Co., Chicago, Ill. 

B. F. Woop, Assistant Engineer, 
Motive Department, P.R.R., Altoona. 

RicHaRD McCurLocH, Assistant Gen- 
eral Manager, St. Louis Transit Co. 

J. L. Harper, Chief Engineer, Niagara 
Falls Hydraulic Power and Mfg. Co., 
Niagara Falls, N. Y. 

A. R. CHEYNEY, Station Supt. Phila- 
delphia Electric Co., Philadelphia, Pa. 

W. W. Brunt, British Westinghouse 
E. & M. Co., London, Eng. 

CALVERT TOWNLEY, Ist Vice-president, 
Consolidated Rwy. Co., New Haven. 

A. W. K. BirriNcs, Havana, Cuba. 
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Annual Election 
The Committee of Tellers reported to 
the annual meeting 1406 valid ballots, 
divided as follows, the names declared 
elected being printed in italics. 


For PRESIDENT: 


ү Оо жы >, iste oa eb kee us Poe 
CoO. МАШ b sx eR UR 2 
Te SCATEV ео о ове б 
Ralph D. Mershon............. 15 
ЕМ. Сее рольне 14 
Gano Dunn............... камы. D 
LBs Stillwell. 99559. 28 
Jc Ate Ss sev RR ewe. 8 
Ue Ax PercusOny оо аа 1 
1 
1 
3 


For Vick PRESIDENTS: 
Ii d PDokPHSOM..:2 0 9 cee E 


PGA TV NCS cme tne ee eee aes 1376 
dw Oe Srey Us| ET 1310 
С. О. МашШомних................ 41 


L. B. бї еП................. IU 
W. B. Ройет.................. 14 
De ас КБП окна. dl 


H.G. fttt... раа 10 
Ralph D. Mershon,............ 10 
B. A. Веһгепфд................ 9 
Peast Perrine Lg eho once 05 8 
B. G. Lanes See wee 3 
H. M. Brinckerhoff... 0.00.0... 2 
I5: 2 Өт га ыытан 1 
ау орана he ect 1 
DEDI tondere be 2] 

4218 


For MANAGERS: 


B. G. 1атҥе............ 

H. W. Buck... ‚1355 
P. H. THONGS аьаа + LOTS 
Morgan ВкооЁ................ 1255 
D. B. Rushmore............... 69 
ТОИ О ОРИОН 29 
Na s DUOTET cased nae 22 
C 
D 


.1363 


eWoe ONG ge eX seeded aui csl 
Ce JACKSON ааа AY 
W. L SHC GT ceste eke Re SERE 19 


Ge Bates Fe yk Sone Re oe hn 9 


(May 
B. A. Веһгспа................ 8 
H. А. Гагапет................._ 8 
Samuel Sheldon.,.............. 8 
H.14-Dohlert vis eie areas 6 
P Кы КИШ ыы кре «ФА Даны | 9 
p. Lorena s danke ete ce eode 5 
Wm. McClellan................ 3 
F. N. Waterman............... 3 
Townsend Wolcott............. 3 
Ralph D. Mershon............. 2 
AS VERY nce Rae ends dius 2 
Je- Te Whittleseys c ossa 4 
MVC SL оО oe Be RT Rae 1 
С. O. МашШомих................ 1 
BAe Cs Pemines isn ша кане 1 
We Potterasoccnscethrixexa 1 
POW Roller. i e eee ЕЗ 1 
ВТА NENNEN юын е лы Ыра 37 

5624 

Еок TREASURER: 

Geo. А. Натийоп.............. 1402 
DANG о RET amis 4 

1406 

Fon SECRETARY: 

Ralph W. Роре................1402 
BENG ОРИОНА 4 

1406 


Respectfully submitted, 
B. V. SWENSON, 
F. L. HUTCHINSON, 
ROBERT J. Lozi&R, 
A. A. KNUDSON, 
Мм. MCCLELLAN, 
Committee of Tellers. 


Mining Engineers 
The summer meeting of the American 
Institute of Mining Engineers will be 
held at Toronto, Ontario, beginning 
July 23, 1907. In addition to the 
usual professional sessions, there will 
be an excursion to the Cobalt mining 


region. Members of the American In- 
stitute of Electrical Engineers are 
cordially invited to attend. Requests 


for information may be addressed to 
the secretary of either Institute, Engi- 
neers' Building, 33 West Thirty-ninth 
street, New York. 
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Personal. 


Mr. Мм. D. Suaw has gone from 
Telluride, Colorado, to Salt Lake City, 
Utah. 


MR. D. Е. Норогє, JR., has removed 
from Memphis, Tenn., to Schenectady, 
N. Y. 


Mr. C. J. WELCKE, of the New York 
operating department of the Electric 
Storage Battery Company, has removed 
his office to 100 Broadway, New York. 


MR. WILLIAM ABSHAGEN, of Alleg- 
heny, Pa., is erecting a storage battery 
plant for the Gould Storage Battery 
Company, at Carry Furnace, Rankin, 
Pa. 


Mr. WitLIAM G. CHACE, formerly of 
Winnipeg. Manitoba, is now associated 
with the firm of Smith, Kerry and 
Chace, consulting. engineers, Toronto, 
Can. 


Mr. L. S. THurston has left the con- 
struction department of the Cincinnati 
оћсе of the General Electric Company, 
to take up commercial engineering in 
its New York office. 


Мк. Geo. C. Rosas, formerly coast 
engineer, Stanley-G. I. Electric Manu- 
facturing Company, is now associated 
with the Sacramento River Supply 
Company, Sacramento, Cal. 


Mr. ARTHUR M. WAITT, consulting 
engineer, railway specialist, has moved 
his office from the Whitehall building 
to the Reed and Barton building, at 
320 Fifth avenue, New York city. 


Mr. Lars R. JoRGENSEN, formerly 
with the California Gas and Electric 
Corporation, is now connected with 
F. G. Baum and Company, as designing 
engineer, and a member of the company. 
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Mr. W. K. FREUDENBERGER has re- 
signed his position with the National 
Tube Company, McKeesport, Pa., and 
is now electrical engineer for the Ten- 
nessee Copper Company, Copperhill, 
Tenn. 


Mn. C. M. JANEs, formerly with the 
Stanley G. I. Electric Company of 
Pittsfield, Mass., is now superintendent 
of electrical construction for the Juniata 
Hydro-Electrical Company, Hunting- 
don, Pa. 


Mr. W. E. Foreman, formerly erect- 
ing engineer for the Westinghouse Elec- 
tric and Manufacturing Company, at 
Pittsburg, has been appointed district 
engineer for the same company, at At- 
lanta, Ga. 


Mr. RoBERT M. PHINNEY, formerly 
with the electrical department of the 
Northwestern Construction. Company, 
Boone, Ia., is now connected with the 
signal department of the Illinois Central 
Railroad. 


Mr. FRED. A. Gasy, formerly with 
the power construction department of 
the city of Winnipeg, is at present en- 
gaged on the staff of the hydro-electric 
power commission of Ontario, as as- 
sistant engineer. 


Mn. W. Н. Тномрѕом has gone from 
the engineering department of the 
Westinghouse Electric and  Manufac- 
turing Company, at East Pittsburg, to 
the American Telephone Company, 
Wheeling, W. Va. 


Mr. RAvMoND E. Buxton, who until 
recently has been connected with the 
Stanley G.-I. Electric Manufacturing 
Company, of Pittsfield, Mass., is now 
with the General Electric Company at 
Schenectady, N. Y. 


MR. ALLEN G. Jones has been trans- 
ferred from the Schenectady works of 
the General Electric Company to the 
Lynn department, in order to become 


> 
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familiar with the character of material 
manufactured at that plant. 


Mr. Јонм KELLEY, recently in the 
apprenticeship course of the Westing- 
house Electric and Manufacturing Com- 
pany, has been transferred to the 
Philadelphia district office of the com- 
pany as understudy salesman. 


Mr. A. C. LASHER of the erecting de- 
partment of the Westinghouse Electric 
and Manufacturing Company, has been 
transferred trom Chicago to the Atlanta 
district office with headquarters in the 
Candler Building, Atlanta, Ga. 


Mr. FRED M. Lecce, JR., has resigned 
his position as engine and electrical 
apparatus sales engineer of the El Paso 
district office of the Allis-Chalmers 
Company, to accept the position as gen- 
eral manager of that company. 


Mr. T. Н. ЅсноёрЕ, who has been a 
member of the engineering department 
of the British Westinghouse Company 
for the past five years, has resigned the 
position of assistant engineer, and re- 
turns to America at an early date. 


Mr. B. F. Merritt has resigned his 
position as superintendent in the 
mechanical department of the New York 
Telephone Company, and is now super- 
intendent of the Electric Goods Manu- 
facturing Company, of Canton, Mass. 


Mr. H. A. Тіввѕ, erecting engineer 
with the Southern Power Company, 
headquarters at Fort Lawn, ©. C., and 
in charge of transmission tower line 
construction, has been transferred to 
Great Falls, S. C., as division superin- 
tendent. 


Mr. Емекѕом C. TinBBars, has re- 
moved his office and factory for the 
manufacture of switchboards and pan- 
els from 272 Ten Eyck street, to 1201 
Atlantic avenue, Brooklyn, N. Y., with 
greatly improved facilities for manu- 
facturing. 


[May 


Mr. C. Р. NacHop, president of the 
United States Engineering Company, 
manufacturers of electric railway sig- 
nals, announces the removal of the 
company's offices from 633 Bourse 
Building, to 920 Chestnut street, Phila- 
delphia, Pa. 


Мв. C. E. Harpy has been transferred 
by the navy department from the posi- 
tion formerly held by him in the navy 
yard at Norfolk, Va., to the position 
of master electrician, department of con- 
struction and repair, navy yard, Mare 
Island, Cal. 


Mr. E. Е. BICKFORD, formerly with 
the Pittsburg Railways Company of 
Pittsburg, Pa., has removed to Boston, 
Mass., and is associated with the Boston 
and Northern and Old Colony Street 
Railroad Company, with headquarters 
at 84 State street. 


Mr. Harry BARKER, formerly in- 
structor in electrical engineering at the 
University of Vermont, and recently 
engaged in hydraulic work in White 
Pine County, Nevada, 1s now assistant 
editor of the Engineering News, 220 
Broadway, New York City. 


Mr. Guy V. WiLLIAMS has resigned 
his position as technical advisor of the 
sales department for the Westinghouse 
Lamp Company, to become associated 
with Mr. John H. Bernhard, commercial 
engineers and sales agents, with оћсеѕ 
in the Victoria building, St. Louis, Mo. 


Mr. C. E. Heston, formerly stationed 
at Fort Hancock, N. J., as engineer in 
charge of fire control installation, has 
been promoted to district engineer, and 
transferred to the district of Puget 
Sound, to do similar work in that dis- 
trict, which comprises several large forts. 


Mr. J. W. WuirE, formerly superin- 
tendent of the American River Elec- 
trical Company, San Francisco, has 
been appointed superintendent of the 
Nevada-California Power Company, with 
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headquarters at Goldfield, Nevada. 
Mr. White is also manager of the Gold- 
field otfice. 


MR. CHaRLES Hupson MACHEN, for 
sore years associated with the selling 
organization of the Westinghouse Elec- 
truc and Manufacturing Company at 
the Philadelphia othce, has resigned to 
tecome president of Machen and Mayer 
Electrical Manufacturing Company, of 
Priladelphia. 


Mr. Tuos. L. MILLER, of the firm of 
T. L. Miller and Wilson, consulting en- 
gineers, Liverpool and Manchester, 
Eng., has moved to temporary offices 
at No. 18 Westminster Chambers, 1, 
Crosshall str2et. Liverpool, during the 
re-building of Tower buildings, on Water 
Street, Liverpool. 


Mr. Е. S. CHAPMAN, formerly with 
the Cooper Hewitt Electric Company, 
of New York, has recently moved to 
Pittsburg, where he will continue work 
on mercury rectifiers in connection with 
the engineering department of the 
Westinghouse Electric and Manufac- 
turng Company. 


MR. SEYMOUR KNIGHT, recently chief 
drattsman in the electrical department 
of the New York Central and Hudson 
River Railroad, at Grand Central sta- 
псп. New York City, has accepted a 
position in the power station department 
of the General Electric Company, 
Schenectadv, N. Y. 


Mr. L. W. Bates has left the engi- 
neering department of the National 
Cash Register Company, of Dayton, O., 
to take charge of the design and in- 
stallation of additional lighting and 
power equipment in the power plant 
of the Atlantic Coast Electric Railway 
Company, of Asbury Park, N. J. 


Mr. FARLEY Oscoop, recently Gen- 
eral Manager and Chief Engineer of the 
New Milford Power Companv, at New 
Milford, Conn.. has accepted the newly 
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created position of general superin- 
tendent of distribution, with the Public 
Service Corporation of New Jersey, 
offices at 207 Market St., Newark, N. J. 


Mr. L. J. Совветт, consulting elec- 
trical engineer, and Mr. O. A. Wells, 
consulting civil engineer, with whom 
he is associated, have recently moved 
to 501 Empire State building, Spokane, 
Washington. They have just com- 
pleted a gas producer plant for a light 
and water svstem for Pasco, Washington. 


Mr. FRANKLIN M. FARWELL, for- 
merly in the testing department of the 
General Electric Company, at Schenec- 
tadv, N. Y., has recently removed to 
Duquesne, Pa., to assist the electrical 
superintendent of the Duquesne Works, 
Carnegie Steel Co., where considerable 
new clectrical work is being carried on. 


Mr. Jean Bart Batcoms has re- 
signed as chief engineer for the Pitts- 
burg Filter Manufacturing Company, 
of Pittsburg, Pa., and is now general 
manager for the Hudson River Con- 
crete Company, of New York City, 
doing general contracting, and making 
a specialty of hydraulic-electric in- 
stallations. 


Mr. №. С. RavcH, who has been in 
the service of the Southern Telephone 
and Telegraph Company for the past 
sixteen years. with headquarters at 
Atlanta, Ga., is now associated with 
Allen J. Krebs, builder of manufactur- 
ing plants, commercial and public 
buildings, with headquarters at Bir- 
mingham, Ala. 


MR. P. LINDEMANN is now engineer 
in charge for the Westinghouse Electric 
and Manufacturing Company, at Boone, 
Ia., on the installation of the multiple- 
unit car equipment for the Ft. Dodge, 
Des Moines and Southern Railroad, the 
first steam railroad in Iowa to be elec- 
trified, which it is expected will soon 
be in operation. 
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Mr. Frank M. ASHLEY, M.E., has 
removed his oflices from 138 Liberty 
Street, where he has been practising 
patent law for several years past, to 
the Tribune building, where he will 
continue to devote his time to all mat- 
ters pertaining to patent law, and the 
procuring of patents in the United 
States and abroad. 


Mr. J. E. MacpoNarD, formerly with 
the Pacific Electric Railway Company, 
has accepted a position with the Joint 
Pole Committee, 444 Pacific Electric 
building, Los Angeles, Cal. This is a 
recently organized committee that has 
assumed supervision of the joint line 
interests of a number of railway and 
power companies on the Pacific coast. 


Mr. №. G. Lawrence, formerly Man- 


ager of the light and power department 
of Hudson, Mass., having recently com- 
pleted the electrical installation of the 
Publishers Paper Company, at Рогіѕ- 
mouth, N. H., has been appointed man- 
ager of tlie light and power department 
of Reading, Mass., succeeding the man- 
agement of the municipal light board. 


Dr. N. S. KEITH, founder of the 
American Institute of Electrical Engi- 
neers, is now at 350 Bullitt Building, 
Philadelphia. He continues his busi- 
ness of consulting and advisory mining 
and metallurgical engineer. As such, 
he examines and reports upon mines 
and metailurgical processes and plans 
the apparatus and methods ior their 
operation, 


Mr. N. J. Wirsos, who has been for 
many years associated with the British 
Westinghouse Electric and Manufactur- 
ing Company, and for some time was 
chief of the testing department, has 
taken up consulting work under the 
title of Messrs. Oulton and Wilson, con- 
sulting electrical engineers, State In- 
surance buildings, Dale street, Liver- 
pool, England. 


[May 


Mr. ANDREW PINKERTON. formerly 
secretary-treasurer of the Power Im- 
provement Company, Milwaukee, has 
opened an оћсе at 1302 Farmers Bank 
building, Pittsburg, Pa., where he is 
engaged in practice as consulting elec- 
trical engineer. Mr. Pinkerton was for 
a number of years electrical engineer 
for the American Sheet and Tin Plate 
Company, at Vandergrift, Pa. 


Mr. №. К. KEENAN, Jr. has sold his 
interest in the Traders Paper Company 
of Lockport, and has purchased a one- 
half interest in the Western Block Com- 
pany of that city, to the operation of 
which he will devote part of his time. 
Meantime he will carry on his engineer- 
ing work in the capacity of construct- 
ing and consulting engineer for the 
Florida East Coast Hotel and Railwav 
Companies. 

MR. WM. MCCLELLAN 18 now asso- 
ciated with the Allison, Campion, 
McClellan Company, which has organ- 
ized to engage in general engineering 
work, being prepared to carry a project 
through the periods of design, construc- 
tion, and successful operation. Не 15 
located at 905 West street building. 
New York. This company is successor 
to the John W. Allison Company of 
Philadelphia. 

Mr. Bayard W. MENDENHALL has 
recently resigned his position as com- 
mercial engineer of the Utah Light and 
Railway Company, to accept the man- 
agership of the Ely Light and Power 
Company. Mr. Mendenhall graduated 
in electrical engineering from the Massa- 
chusetts Institute of Technology, with 
the class of 1902. For three years suc- 
ceeding graduation he was connected 
with Stone and Webster, of Boston. 


Mr. Bion J. ARNOLD, Past-president 
of the Institute, met with a painful 
accident at Chicago, May о. While pre- 
paring to start his automobile, the 
crank was suddenly thrown hack, strik- 
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ing him under the chin, causing the 
biting off of the tip of his tongue. He 
went immediately to the Mercy Hos- 
pital where the wound was stitched and 
dressed. The latest reports indicate 
that the wound will heal without serious 
results. 
EE e 

Mr. J. Н. HALLBERG, consulting en- 
gineer, is devoting part of his time to 
the design and manufacture of flaming 
arc lamps and other electrical special- 
tes. He has moved to 30 Greenwich 
avenue, New York otv, occupying 
ofhces with the Beck Flaming Lamp 
Company, also acting as engineer and 
general manager for that company, 
while still retaining his old clients, and 
doing a general consulting engineering 
business. 


Messrs. Foote, Pierson & Co. have 
leased the building 160-162 Duane Street 
New York city, and have equipped 
their shops with a large variety of new 
machinery for the manufacture of tele- 
graph instruments, fire alarm appar- 
atus, measuring and testing instru- 
ments, X-rav machinerv and electrical 
specialties. Their laboratories will con- 
tain the most modern apparatus for 
the accurate calibrating and adjusting 
of instruments. 


Mr. Е. A. Hatt, formerly with the 
Crocker-Wheeler Company, is con- 
nected with the Ingersoll-Rand Com- 
pany of 11 Broadway, New York, as 
assistant to the chief engineer of the 
gas and electrical department, in spe- 
cial charge of the electric power work. 
Mr. Hall has been in the electrical en- 
gineering and manufacturing business 
for seventeen years, having at various 
times been connected with the leading 
companies in that line of work. 


Мк. C. J. Hixson has returned to 
this countrv after spending some time 
abroad, and has joined the railway en- 
gineering department of the General 
Electric Companv. He left that com- 
pany in 1901 to take the position of 
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engineer on controller and railway 
equipment work offered him by the 
Allgemeine Elektricitats Gesellschaft of 
Berlin. He was also identified with the 
experimental work in connection with 
the Berlin-Zossen high-speed tests. 


Mr. CHARLES B. BuR LEIGH, one of 
the most earnest New [England work- 
ers for the Institute, being the present 
Vice-chairman of the Boston Section, 
has been honored by the National As- 
sociation of Cotton Manufacturers. At 
the annual meeting, April 24, the Asso- 
ciation medal was presented to him in 
acknowledgement of the merits of a 
paper read by him before the Associa- 
tion at its fall meeting Sept, 13, 1906, 
entitled ' The Curtis Vertical Steam 
Turbine." 


Mr. Н. W. SavrEs, formerly elec- 
trical engineer for the Diamond Meter 
Company, and H. I. Waggoner, for- 
merly with the Northwestern Electrical 
Equipment Company, have formed a 
company called the Electrical Testing 
Company, at Peoria, Jll., for the pur- 
pose of standardizing meters and in- 
struments. They will also make com- 
petitive tests of meters for lighting 
companies. Mr. Savles and Mr. Wag- 
goner are both technical men and have 
had a number of vears' experience in 
this class of work. 


PROFESSOR ALEXANDER GRAHAM 
BELL has received the honorary degree 
of doctor of science, conferred upon him 
on May 2, by Oxford University, in 
recognition of his efforts to teach the 
deaf and dumb to speak, as well as for 
his invention of the telephone. The 
presentation was made by the dean of 
the faculty of science, Professor A. E. H. 
Love, and the ceremonial of conferring 
the degree, which was invested with the 
traditional solemnity, greatly impressed 
Professor Bell. On the same evening he 
attended a dinner given in his honor 
in London, by the Institution of Elec- 
trical Engincers. 
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Obituary. 

Mr. FREDERIC CROSSGROVE Barr, 
electrical engineer of the Colorado Tele- 
phone Company, died at Denver, Colo., 
May 9, 1907. Mr. Barr was born at 
Ann Arbor, Mich., May 1, 1877, and 
was a graduate from the University of 
Michigan. Atter six months’ experience 
in the testing department of the Gen- 
eral Electric Company and three months 
in the installation of electric coal mining 
machinery he was appointed electrician 
for the Colorado Telephone Company. 
Mr. Barr was elected an Associate March 
27, 1903, and had since taken great 
interest in matters pertaining to the 
Institute. He was a young man of rare 
attainments and gave promise of a bril- 
liant future. 


Mr. CHARLES К. STEARNS, for many 
years a prominent consulting electrical 
engineer, of Boston, died suddenly of 
acute diphtheria at the City Hospital 
May 13, 1907. Mr. Stearns was a son 
of the late Professor Stearns and was 
born at Newton Center, Mass., January 
6, 1864. He was educated in the New- 
ton public schools and the Massachu- 
setts Institute of Technology. With a 
view of making electrical engineering 
his life work he entered the employ of 
the Thomson-Houston Electric Com- 
pany at Boston, and was subsequently 
transferred to St. Paul. He was ap- 
pointed assistant engineer in the in- 
Stallation of the third-rail equipment 
of the Nantasket Beach branch of the 
New York, New Haven and Hartford 
Railroad, which was one of the earliest 
examples of this tvpe of construction. 
He was subsequently engaged in electro- 
hydraulic development as well as rail- 
way work. His standing as a citizen and 
engineer was of the highest. Mr. 
Stearns was elected an Associate August 
6, 1889, and transferred to the grade of 
Member May 16. 1893. He was also a 
Member of the American Society of 
Mechanical Engineers. 


Mr. WM. J. JOHNSTON, a pioneer elec- 
trical editor, and founder of the Elec- 


(May 


trical World, died suddenly from cerebral 
hemorrhage, on April 28, 1907. He had 
been in good health, and was excep- 
tionally well-preserved for a man of 
his age. He was born in Ireland in 1851, 
and after learning Morse telegraphy 
he became a permanent resident of 
this country nearly forty years ago. 
He was an early contributor to The 
Opcrator, founded in 1874, and even- 
tually its owner. It was established in 
the interest of telegraphers, and under 
his management it became a journal of 
high standing, considering its rather 
limited field, and the meager develop- 
ment of the electrical art at that period. 
Mr. Johnston's progressive spirit was 
evident in his.efforts to keep abreast 
of the growth of the industry. No 
doubt it was apparent to him that his 
readers failed to appreciate the great 
changes that were taking place, and 
while endeavoring to hold them in line, 
he established the Electrical World, 
with which he merged The Operator. 
The final success of this enterprise is 
well known. It was due to intelligent 
and arduous work, persistent effort 
under extremely adverse conditions, 
but with ever growing confidence in the 
future. In 1899 Mr. Johnston sold this 
valuable property to its present propri- 
etors, and subsequently entered the 
field of mining journalism, continuing 
until 1906. Meanwhile he had purchased 
an interest in the American Exporter, 
and was active in its management dur- 
ing the brief remainder of his life. Mr. 
Johnston was a charter member of the 
Institute; and as its first secretary (Dr. 
N. S. Keith) was employed upon the 
editorial staff of the Electrical World, 
the first volume of the TRANSACTIONS 
was issued from the office of that jour- 
nal, then at No. 9 Murray Street. 
Through his sympathetic efforts for the 
advancement of the electrical engineer- 
ing profession, he wrought for himself 
an honored position in the history of 
the art, and his memory will be en- 
twined with the printed records of 
achievement which will be handed down 
to future generations. 
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Officers and Board of CHARLES P. STEINMETZ, 1901-2 
2 CHARLES F. SCOTT, 1902-3. 
JOHN W. LIEB, JR., 1904-5. 
PRESIDENT, SCHUYLER S. WHEELER, 1905-6. 
Term expires 1907 
SAMUEL SHELDON, Brooklyn, N. Y. GENERAL COUNSEL. 
JUNIOR PAST-PRESIDENTS. PARKER and AARON, 


JOHN W. LIEB, JR., New York, N. Y 52 Broadway, New York, N. Y. 


SCHUYLER S. WHEELER, Ampere, N. J. 


VICE-PRESIDENTS. 


Term expires 1907. 


CHARLES A. TERRY, New York, N. Y. 
TOWNSEND WOLCOTT, New York, N. Y. Standing Committees. 


GANO DUNN, Ampere, N. J. 


Term expires 1908. EXECUTIVE COMMITTEE. 


A. H. ARMSTRONG. Schenectady, N. Y. SAMUEL SHELDON, Chairman, 
PRANK G. BAUM, San Francisco. Cal. Polytechnic Institute, Brooklyn, N. Y. 
H. H. HUMPHREY, St. Louis, Mo. JOHN J. CARTY, New York, N. Y. 
GEORGE A. HAMILTON, New York, N. Y. 
MANAGERS, RALPH W. POPE. New York, N. Y. 

Pea cence 1007: HENRY G. STOTT, New York, N. Y. 
C. О. MAILLOUX, New York, N. Y. CHARLES A. TERRY, New York, N. Y. 
HENRY G. STOTT, New York, N. Y. CALVERT TOWNLEY, New Haven, Conn. 
JAMES G. WHITE. New York, N. Y. 
LOUIS A. FERGUSON, Chicago, Ill. COMMITTEE ON FINANCE. 


JOHN J. CARTY, Chairman, 

18 Cortlandt St., New York, N. Y. 
GANO DUNN, Ampere, N. J. 
JAMES G. WHITE. New York, N. Y. 


Term expires 1908. 
CUMMINGS C. CHESNEY, Pittsfield, Mass. 
BANCROFT GHERARDI, New York, N Y. 
CALVERT TOWNLEY, New Haven, Conn. 


й . EDGAR, B , Mass. 
CHARLES L. EDGAR, Boston, Mass COMMITTEE ON PAPERS. 


Term expires 1909. HENRY G. STOTT, Chairman, 
А. M. SCHOEN, Atlanta, Ga. 600 W. 59th St., New York, N. Y. 
PAUL SPENCER, Philadelphia, Pa. BERNHARD A. BEHREND Norwood О 
ЈОНСКЕ New Коом HENRY А. LARDNER, New York, N. Y 
PAUL M. LINCOLN, Pittsburg, Pa. PAUL M. LINCOLN, Pittsburg. Pa. 
E. WILBUR RICE. JR., Schenectady, N. Y. 
TREASURER. J Schenectady 
Term expires 1907. 
GEORGE A. HAMILTON, New York, N. Y. BOARD OF EXAMINERS. 
WILLIAM MAVER, JR., Chairman, 
SECRETARY. 136 Liberty St., New York, N. Y. 
Term expires 1907. H. FLEETWOOD ALBRIGHT, New York, N. Y. 
RALPH W. POPE. New York, N. Y. FRANK W. ROLLER, New York, N. Y. 
LEWIS B. STILLWELL, New York, N. Y. 
TOWNSEND WOLCOTT, New York, N. Y 
Past-Presidents. LIBRARY COMMITTEE. 
NORVIN GREEN, 1834-5-6. WILLIAM J. JENKS, Chairman, 
PRANKLIN L. POPE. 1886-7. 120 Broadway. New York, N. Y 
T. COMMERFORD MARTIN, 1887-8. EDWARD CALDWELL, New York, N. Y. 
EDWARD WESTON, 1888-9. CHARLES F. CHANDLER, New York, N. Y. 
eee CHARLES A. TERRY, New York, N. Y. 
W. A. ANTHONY, 1890-91. Е. N. WATERMAN, New York, N. Y. 


ALEX. GRAHAM BELL. 1891-2. 
FRANK J. SPRAGUE, 1892-3. 


EDWIN J. HOUSTON, 1893-4-5. EDITING COMMITTEE. 
LOUIS DUNCAN, 1895-6-7. THOMAS J. JOHNSTON, Chairman, 
PRANCIS B. CROCKER, 1897-8. 11 Pine St., New York. N. Y. 
A. E. KENNELLY, 1898-1900. САМО DUNN, Ampere, N. J. 


CARL HERING, 1900-1901. CECIL P. POOLE, New York, N. Y. 
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Special Committees. 


STANDARDIZATION COMMITTEE. 


FRANCIS B. CROCKER, Chairman, 

Columbia University, New York, N. Y. 
ARTHUR W. BERRESFORD, Milwaukee, Wis 
DUGALD C. JACKSON, Madison, Wis. 
ARTHUR E. KENNELLY, Cambridge, Mass. 
C. О. MAILLOUX, New York, N. Y. 

ROBERT B. OWENS, Montreal, Can. 
CHARLES F. SCOTT, Pittsburg, Pa. 
HENRY G. STOTT, New York, N. Y. 
CHARLES P. STEINMETZ, Schenectady, N. Y 
SAMUEL W. STRATTON, Washington, D. C. 
ELIHU THOMSON, Lynn, Mass. 


COMMITTEE ON LAW. 


C O. MAILLOUX, Chairman, 

76 William St., New York, N. Y. 
ALBERT H. ARMSTRONG, Schenectady, N. Y. 
CLAYTON W. PIKE, Fhiladeiphia, Pa. 
PAUL SPENCER, Philadelphia, Pa. 
CHARLES A. TERRY, New York, N. Y. 


7 BUILDING FUND COMMITTEE, 


T. COMMERFORD MARTIN, Chairman, 
114 Liberty St., New York, №. Y. 
JOHN C. BARCLAY, New York, N. Y. 
JOHN J. CARTY, New York, N. Y. 
CHARLES L. EDGAR, Boston, Mass. 
FRANCIS W. JONES, New York, N. Y. 
JOHN W. LIEB, JR., New York, N. Y. 
FRANK J. SPRAGUE. New York, N. Y. 
JAMES G. WHITE, New York, N. Y. 


COMMITTEE ON FOREST PRESERVATION, 


FREDERIC A. C. PERRINE, Chairman, 
60 Wall St., New York, N. Y. 
HORATIO A. FOSTER, Baltimore, Md. 
PHILIP G. GOSSLER, New York, N. Y. 
WILLIAM P. JUDSON, Broadalbin, N. Y. 
HENRY A. PRESSEY, Washington, D. C. 
CHARLES A. WADDELL, Biltmore, N. C. 


COMMITTEE ON A CODE OF ETHICS, 


SCHUYLER SKAATS WHEELER, Chairman, 
Ampere, N. J. 

HAROLD W. BUCK, New York, N. Y. 

CHARLES P. STEINMETZ, Schenectady, N. Y 


COMMITTEE ON INCREASE OF MEMBERSHIP, 


PERCY H. THOMAS, Chairman, 

111 Broadway, New York, N. Y. 
FREDERICK C. BATES. New York, N. Y. 
AINSLIE A. GRAY, New York, N. Y.. 
FREDERICK L. HUTCHINSON, New York. 
E B. MEARIAM, Schenectady, N.Y. 
EDWIN H. SEAMAN, Winston-Salem, N.C. 


HIGH-TENSION TRANSMISSION COMMITTEE. 
RALPH D. MERSHON, Chairman, 

60 Wall St., New York, N. Y. 
FRANK G. BAUM, San Francisco, Cal 
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FRANCIS O. BLACKWELL, New York, N. Y. 
CUMMINGS C. CHESNEY, Pittsfield, Mass. 

M. H. GERRY, JR., Helena, Montana. 

PAUL M. LINCOLN, Pittsburg, Pa. 
RAYMOND S. MASSON, Los Angeles, Cal. 
WALTER S. MOODY, Schenectady, N. Y. 


COMMITTEE ON TELEPHONY. 


KEMPSTER B. MILLER, Chairman, 
Monadnock Building, Chicago, Ill. 
EDWARD E. CLEMENT, Washington, D.C. 
WILLIAM W. DEAN, Elyria, O. 
BANCROFT GHERARDI, New York, N. Y. 
FRANK R. McBERTY, New York. 


COMMITTEE ON BIBLIOGRAPHY. 
WILLIAM D. WEAVER, New York, N. Y 


NATIONAL ELECTRIC CODE COMMITTEE. 


FREDERIC A. C. PERRINE, Chairman, 
60 Wall St., New York, N. Y. 
JOSEPH C. FORSYTH, New York, N. Y. 
A. M. SCHOEN, Atlanta, Ga. 
GEORGE F. SEVER, New York, N. Y. 
H. A. SINCLAIR, New York, N. Y. 
ARTHUR WILLIAMS, New York, N. Y. 
CHARLES J. H. WOODBURY, Boston, Mass. 


LOCAL ORGANIZATION COMMITTEE. 


PAUL SPENCER, Chairman, 

Broad and Arch Sts., Philadelphia, Pa. 
LOUIS A. FERGUSON, Chicago, Ill. 
WINDER E. GOLDSBOROUGH, New York. 
HENRY H. HUMPHREY, St. Louis, Mo. 
KEMPSTER B. MILLER, Chicago, Ill. 
HENRY H. NORRIS, Ithaca, N. Y. 

DAVID B. RUSHMORE, Schenectady, N. Y. 


EDISON MEDAL COMMITTEE. 


JOHN W. HOWELL, Chairman. 
BANCROFT GHERARDI, Secretary. 
W.S. BARSTOW. 

CHARLES L. CLARKE. 

GANO DUNN. 

CHARLES L. EDGAR. 

T. COMMERFORD MARTIN 
CHARLES F. SCOTT. 

WM. HAND BROWNE, JR. 
HENRY L. DOHERTY. 

GEO. A. HAMILTON. 
SAMUEL REBER. 

FRANK J. SPRAGUE. 
HENRY G. STOTT. 

CHARLES A. TERRY. 


REPRESENTATIVES ON BOARD OF AWARD 
JOHN FRITZ MEDAL. 

BION J. ARNOLD. 

JOHN W. LIEB, JR. 

SCHUYLER SKAATS WHEELBR. 

SAMUEL SHELDON. 
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Local Secretaries. 


AMES, IOWA.—ADOLPH SHANE, 


lowa State College. 


ANN ARBOR, MICH.—C. J. WHIPPLE, 


556 South State St. 


ATLANTA, GA.—W К. COLLIER, 


463 North Jackson St. 


BALTIMORE MD.—CHAS. G. EDWARDS, 


Electrical Commission, City Hall. 


BETHLEHEM, PA.—M. T. SALDANA, 


Lehigh University. 


BOSTON, MASS.—C. H. PORTER, 


Dept. of Elec Eng., Mass. Inst. Technolo:y. 


BOLLDER, COLO.—A. C. STREAMER. 


University of Colorado. 


CHICAGO, ILL.— J. E. SNOW, 
Armour Inst. of Technology 


CHICAGO, ILL.—H. R. KING, 


Western Electric Co. 


CINCINNATI, O.—LAURENT LOWENBERG, 


Bullock Elec. Mfg. Co. 


COLUMBIA, MO.—H. D. CARPENTER, 


University of Missouri. 


COLUMBUS, 0.—F. E. BEUTLER, 


Ohio State University. 


COLUMBUS, 0.—H L. BACHMAN, 


533 South 3d St. 


FAYETTEVILLE, ARK.—K. A. REED, 


University of Arkansas. 


ITHACA, N. Y.—H. H. NORRIS, 


Franklin Hall, Cornell University. 


LAFAYETTE, IND.—]. W. ESTERLINE, 


.Electrical Eng. Dept., Purdue University. 


MADISON, WIS.—J. W. SHUSTER, 


University of Wisconsin. 


MISSOULA, MONT.—S. R. INCH. 


PHILADELPHIA, PA.—H. F. SANVILLE, 
597 Drexel Bldg. 


PITTSBURG, PA.—H. D. JAMES, 
Westinghouse E. & M. Co. 


PITTSFIELD, MASS.—S. H. BLAKE, 
Stanley-G: I. Elec. Mfg. Co. 


ST. LOUIS, MO —W. E. BRYAN, 
Washington University. 


ST. LOUIS, MO.—J. H. FINNEY, 
Nat'l Bank of Commerce Bldg 


ST. PAUL, MINN.—BARRY DIBBLE, 
1317 Summit Ave. 


SAN FRANCISCO, CAL.—A. H. BABCOCK, 
1216 Webster St., Oakland. 


SCHENECTADY, М. Y.—E. E. F. CREIGHTON 
General Electric Co. 


SEATTLE, WASH.—W. S. WHEELER, 
3120 East Union Street. 


STATE COLLEGE, PA.—S. W. PRICE, 
Pennsylvania State College. 


SYRACUSE, N. Y.—R. A. PORTER, 
Syracuse University. 


TOLEDO, OHIO.—GEO. E. KIRK, 
The Nicholas. 


TORONTO, ONT.—L. W. PRATT, 
306 Stair Building 


URBANA, ILL.—M. K. AKERS, 
University of Illinois 


WASHINGTON, D. C.—PHILANDER BETTS. 
“Тһе Oakland.’ 


WORCESTER, MASS.—S. W. FARNSWORTH, 
Worcester Poly Inst 


Local Honorary Secretaries. 


JAMES S. FITZMAURICE, 


210 George St., Svdney, N. S. W. 


H. F. PARSHALL, 


Salisbury House, London Wall E. C., London. 


ROBERT B. OWENS, 
McGill University, Montreal, P. Q 


WM. B. HALE, 
Arco de San Agustin 8, City of Mexico. 


CLARE F BEAMES, 


[for Porto Rico and West Indies.) 
San Juan, P. R 


W.G T. GOODMAN, 
Adelaide, South Australia. 
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Branches Organized. 

BRANCHES. 
Atlanta............Jan. 19, '04 
Baltimore......... Dec. 16, '04 
Boston............ Feb. 13, '03 
Ссафо................. 1893 
Cincinnati.... . Dec. 17, '02 
Columbus......... Dec. 20, '03 
Minnesota Apr. 7, '02 
Pittsburg.......... Oct. 13, '02 
Pittsfleld,......... Mar. 25, '04 
Philadelphia... ....Feb. 18, '03 
San Francisco...... Dec. 23, '04 
Schenectady....... Jan. 26, '03 
Seattle... ......... Jan. 19, '04 
St. Louls.......... Jan. 14, '03 
Toledo............ June 3, 07 
Toronto. ......... Sept. 30, '03 


Washington, D. C.. Apr. 9, '03. 


UNIVERSITY BRANCHES. 


Cornell University. Oct. 


lowa State College. .Apr. 
Lehigh University. Oct. 
Purdue University ..Jan. 
Syracuse University Feb. 
Univ. of Wisconsin.Oct. 
Univ. of Illinois... .Nov. 


25, 


'02 


Worcester Polytechnic Institute, 
Mar. 25, '04 


STUDENT MEETINGS. 


Armour Institute. ..Feb 
Ohio State Univ. . ..Dec 
Penn. State College.Dec 
Univ. of Arkansas.. Mar 
Univ. of Colorado. . Dec 
Univ. of Michigan.. Mar 
Univ. of Missouri...Jan 


Washington Univ. ..Feb 


26, 


Univ. of Montana. . May 21, 
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Chairman. 


A. M. Schoen. 

J. B. Whitehead. 
H. E. Clifford. 

P. B. Woodworth. 


C. S. Reno. 
R. J. Feather. 
H. J. Gille. 


H. W. Fisher. 
Gilbert Wright. 
W. C. L. Eglin. 
C. L. Cory. 

D. B. Rushmore. 
C. E. Magnusson. 
A. S. Langsdorf. 
W. G. Nagel. 

R. G. Black. 
Edgar Russel 


E. L. Nichols. 
F. A. Fish. 

A. W. Lawson. 
C. P. Matthews. 
W. P. Graham 
F.M Conlee. 


Morgan Brooks. 


L. W. Hitchcock. 


J. E. Snow. 

H. C. Bartholomew 
E. W. Nick. 

W. B. Stelzner. 

J. N. Kellogg. 
Kenneth Barry 

H. B. Shaw 

A. S. Langsdorf 
Robert Sibley. 


Secretary. 


W. R. Collier. 
C. G. Edwards. 
C. H. Porter. 
H. R. King. 


L. Lowenberg. 
H. L. Bachman. 
Barry Dibble. 


H. D. James. 
S. H. Blake. 
Н. F. Sanville. 
A. H. Babcock. 


E. E F. Creighton. 


W. S. Wheeler. 
J. H. Finney. 
Ceo. E. Kirk. 
L. W. Pratt. 
Philander Betts. 


H. H. Norris. 
Adolph Shane. 
M. T. Saldana. 
J. W. Esterline. 
R. A. Porter. 
J. W. Shuster. 
M. K. Akers. 


S. W. Farnsworth. 


J. E. Snow. 

F. E. Beutler 

S. W. Price. 

K. A. Reel. 

A. C. Streamer. 
C. J. Whipple. 
H. D. Carpenter. 
W. E. Bryan. 

S. R. Inch. 


Branch Meets. 


2d Friday. 
3d Wednesday 


lst Tuesday after 
N. Y. meeting. 


lst Monday. 


2d Monday after 
N. Y. meeting. 


2d Tuesday. 
3d Thursday. 
2d Monday. 


2d Wednesday. 
3d Saturday. 
2d Wednesday. 


2d Friday. » 
Ist Thursday. 


Ist Friday after 


N. Y. meeting. 
1st Wednesday. 
3d Thursday 
Every Tuesday. 
lst and 3d Thurs- 
days. 
4th Thursday. 


Ist Wednesday 


3d Monday 


Every Tuesday 


evening 
Every Wednesday 
1st & 3d Tuesdays 
1st and 3d Wednes- 
ays 
lst and За Wednes- 
days 
1st and 3d Fridays 
1st Wednesday 
lst Friday. 
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The Peak Load 


ONE of the burning questions of cen- 

tral station operation is the equal- 
ization of the day and night load. A 
similar problem exists in various manu- 
facturing and business concerns, with 
this difference, however, that instead of 
a day and night period, it is the change 
of seasons which is to be considered. 
Those who are familar with Institute 
work realize that its apparent period 
of activity is between September and 
the annual convention. This is quite 
true; but meanwhile certain work has 
necessarily been laid aside because 
of the pressing importance of providing 
for meetings, each of which brings its 
unfailing quota of preparation, and 
is immediately followed by a train of 
events which fills the gap until the 
next date. Outside of stenography 
and  typewriting, a staff trained in 
Institute work cannot be immediately 
supplemented in case of an emergency. 
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Nearly every civilized organization 
has a vacation season, which in the 
case of the Institute begins immediately 
after the | annual convention. АП 
through the winter the papers and dis- 
cussions which have been put in {уре are 
again proofread and then electrot vped. 
The scattered contributions from va- 
nous parts of the world are grouped 
as far as possible with the papers to 
which they pertain; the final work of 
re-paging is begun, and the printing 
started. Many members evidently 
labor under the impression that this 
should be done on the second day of 
January, and because it is not that an 
inquiry should be made as to when the 
TRANSACTIONS will be delivered. 

In 1888 the Institute began the pub- 
lication of its PROCEEDINGS in monthly 
parts in order that members might 
keep in touch with its work through- 
out the year. The practical duplica- 
tion of this printing in the form of a 
volume of TRANSACTIONS was found de- 
sirable, and this is now the recognized 
practice of the other three national en- 
gineering organizations. The final prep- 
aration and distribution of this volume 
follows the peak load of the yearly op- 
erations of the Institute, and when 
the summer vacations are over, if each 
member has meanwhile paid his dues, 
and furnished his latest address, he 
will find his TRANSACTIONS awaiting him 
upon the resumption of hisduties. Theo- 
retically, all this should have been done 
earlier in the year; but it does not 
appear possible without seriously in- 
terfering with regular work during the 
busy season. 


Sections and University 
Branches 

N accordance with Article IX, Sec- 
tions 65—74 of the new Constitu- 
tion, the local organizations heretofore 
known as Branches, may, by petition- 
ing, be admitted as Sections of the 
Institute. By way of simplifving mat- 
ters, the terms University Branches 
and Student Meetings will be merged; 
both of these Sub-sections will hereafter 
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be known as University Branches. 
In brief, there will be but two kinds 
of local organizations— Sections and 
University Branches. А Section may 
be restricted to a town,or its activities 
may extend over all the adjacent terri- 
tory for which the town is a natural 
electrical center. These details will be 
modified here and there by Iccal con- 
ditions, the final decision resting with 
the Sections’ Committee and the Board 
of Directors. The jurisdiction of a Uni- 
versity Branch is, in general, confined 
immediately to the university or college 
whose name it bears. In order that 
these jurisdictions may be clearly 
understood, it 1s the intention of the 
Sections’ Committee to publish in a 
future issue of the PROCEEDINGS an 
outline map of North America showing 
the geographical jurisdiction of every 
Section and University Branch. With 
the closing of the universities апа ccl- 
leges for the academic vear 1906-1907, 
and the beginning of the heated term, 
the Sections and University Branches 
will, as usual, suspend active operations 
until the autumn of 1907. Section and 
University Branch activity will be re- 
newed immediately after the first regu- 
ular meeting of the Institute in. New 
York on the second Friday of October, 
and the reports of meetings will again 
be bulletined in the PROCEEDINGS. 


After Graduation 


T this season graduates cf every 
description are being overloaded 
with good advice, which even if appre- 
ciated at the moment may soon be 
forgotten. It is rarely acted upon. А 
very small proportion of electrical 
engineering graduates are enrolled as 
Students of the Institute. Мапу of 
these have applied just before gradu- 
ation, and hope to enjoy the bene- 
fits of this attachment for a period 
of three vears. During this time they 
should be able to determine whether 
they are really qualified to remain 
permanently in the profession. The 
question will naturally arise. whether 
it is worth while to apply for election 
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as an Associate, and if so whether 
they can afford to pay the dues. 

By referring to the list of past- 
presidents of the Institute, the names 
of many well-known leaders in the 
electrical profession will be found. If 
these men have found membership in 
the Institute advantageous, why 
should it not be advisable forthe young 
electrical engineer to follow their exam- 
ple? The past-presidents are referred 
to here, because many of them have per- 
mitted their work to be made public 
through the channels of the Institute. 
The Institute, through their efforts, 
supplemented bv those of hundreds of 
others who have deveted time, energy, 
and money to its welfare, is now in a 
position to be of greater benefit to the 
electrical industry than at any previous 
time in its history. In twenty-five 
years the graduate of to-day will 
consider his date of clecticn as an 
Associate a valuable asset. Members 
who through financial embarrassment 
were compelled to resign many vears 
ago, cecasionally apply for reinstate- 
ment and рау their accumulated dues, 
frequently amounting to a considerable 
sum, in order to retain their original 
dates of election and transfer. Mean- 
while thev have prospered, and do not 
really require the benefits of Institute 
membership so urgentlv as the voung 
engineer whose spurs are not vet won. 
Do not make the old and well worn 
excuse that it is impossible to attend 
the mectings; neither can the residents 
of Japan, New Zealand, India, or 
Australia. Those distant countries are, 
however, well represented on the In- 
stitute list, and many of them have 
shown their appreciation of their af- 
filiation by subscribing to the building 
fund, although they may never 
visit America. Many professors in 
their parting word to graduates, ad- 
vise them to join the Institute; and 
thev are certainly qualified to speak of 
its value in continuing the education 
which accompanies practical experi- 
ence throughout the hfe of each in- 
dividual. 
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The European Tour of the 
American Institute of 
£ lectrical Engineers 
During the Sum- 
mer of 1906* 


BY C. T. WILKINSON. 


Though the time at our disposal will 
not permit a detailed consideration of 
all the points of interest in connection 
with this tour, it is hoped that by 
touching briefly on the things of 
greatest importance some idea may 
be conveyed of the progress in the 
elecirical art made by European elec- 
trical engineers. 

The special interest now being taken 
both in America and Europe in the 
problems connected with the develop- 
ment and = transmission of electric 
power, seems to call for special reference 
to this subject. 

Part i. Italy and Italian courcesies. 
It is unfortunate that circumstances 
arose which prevented the American 
Institute of Electrical Engineers from 
formally accepting the courteous invi- 
tation of the Italian Society to visit the 
Milan Exhibition on their way to the 
International gathering arranged to 
meet in London on June 23. 1906, as a 
visit of very great interest was thereby 
sacrificed. 

Among the faithful few who decided 
to adhere to the previously considered 
program of the Institute were, Past- 
president J. W. Lieb, Jr., and Mrs. 
Lieb; Prof. Harrison W. Smith of 
the Mass. Institute of Technology; 
Prof. Morgan Brooks and son Henrv 
Brooks, and Captain C. M. Mitchell of 
Niagara Falls. 

Disappointed, however, in the num- 
ber of their guests, our Italian col- 
leagues succeeded in showering their 
hospitality on those who appeared, and 
were especiallv pleased with the op- 


Abstract of lecture before the Pittsfield Sec- 
tion, January 3, 1907. 

“For many slides showing Italian subjects and 
the social side of the English tour the writer is 
indebted to Professor Harrison W. Smith of the 
Massachusetts Institute of Technology, Boston, 
whose photographic record of the tour is delight- 
fully complete. 


NOTES AND COMMENTS 3 


portunity offered to entertain their old 
friend John W. Lieb, Jr. Their inde- 
fatigable secretary, Sig. Guido Semenza, 
has left many impressions of gratitude 
with those few who daily made his оћсе 
a meeting place, where he frequently 
tendered his services as interpreter and 
acted in general as guide, philosopher, 
and friend to our small part v. 


THE MILAN EXHIBITION 


In considenng the Milan Exhibition 
from the electrotechnical point of 
view, it must be remembered that it 
was an exhibition chiefly of traction, 
transmission, and manufacture, with 
additional sections offering valuable 
prizes for fire-brigade work, navigable 
balloons, or flying machines. No 
special section. was set aside for elec- 
trical work, which had to be looked 
for as part of exhibits under more 
general heads, or else in kiosks separ- 
ately erected by the electrical manu- 
facturers, usually to be found in 
or near the machinery hall in the 
center of the Piazza d' Armi. 


Electrotechnicallv, the traction ex- 
hibit was undoubtedlv the largest, as 
was to be expected when we recall that 
the Milan Exhibition was to commemo- 
rate the opening of the Simplon tunnel. 


Though the exhibition was large and 
interesting to the average visitor, the 
things of great noveltv in the electrical 
engineering side were not very numerous, 
the most important being the single- 
phase Finzi railroad, which connected 
the two halves of the Exhibition, 
Piazza del Marco and the Piazza d' 
Armi, separated by a distance of about 
one mile. No special section being 
provided for electrical work, considera- 
ble time was lost. Thus the switch- 
board exhibit of Messrs. Brown-Boveri 
was to be found in the hygiene building, 
the stand of a prominent electrical 
manufacturing concern of Belfort was 
situated. in the neighborhood of the 
instrument building, while Messrs. Rich- 
ard-Ginori and Messrs. Pirelli had 
kiosks near the machinery building in 
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the center of the Piazza d' Armi. On 
the whole, therefore, while the Milan 
Exhibition was of interest to the Ameri- 
can and European  electrotechnical 
world, its interest centered on isolated 
exhibits, and showed that: 


1. Certain firms in Italy are ahead 
of the best work of other countries in 
some branches of manufacture. 


2. There is a large class of manu- 
facturers who, while making compara- 
tively large exhibits, merely show 
skill in adapting ideas culled from 
America and England, and especially 
from the St. Louis Exposition. 


The Milan Exhibition is a sign of 
the times in Italy. The new title of 
“ chevalier," given to those who have 
done notable work in manufacture— 
a degree that ranks very highly among 
bestowed honors—will undoubtedly tend 
to promote manufactures in Northern 
Italy, while the opening of the Simplon 
tunnel will facilitate trade relations 
with other European countries. 


The energy and keenness of the 
northern Italian 1s illustrated by the 
long hours of work and the widely 
expressed determination to force his 
country to a position of leadership. 


The electrical features of the Milan 
exhibition. The progress in high-ten- 
sion work was well represented bv the 
100,000-volt cable manufactured by 
Messrs. Pirelli. This firm. it will be 
remembered, supplied the high-tension 
cables for the Ontario Power Company 
of Niagara Falls. This cable 
carefully graded with regard to its 
specific inductive capacity in accordance 
with the theory developed by Mr. 
O'Gorman of the Institution of Electri- 
cal Engineers. 

The stranded conductor (which is 
162 sq. mm. 1n cross-section) is covered 
with a lead sheath producing a smocth 
surface of much greater radius, by 
which device alone the static strain is 
considered to be reduced more than 
2095. The total thickness of insulation 
is & іп and the over-all diameter 27% in. 

The extremely small insulation di- 


Was 
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mensions of this cable are very re- 
markable, since probably with an un- 
graded cable wrapped with the same 
thickness of insulation the rated pres- 
sure would be less than 50,000 volts. 

This cable was recently tested for 
break-down point at the engineering 
congress held at the conclusion of the 
exhibition, and three samples tested in 
five- to six-meter lengths broke down 
at 208,000, 202,000 and 210,000 volts 
respectively. 

The Semenza type insulator. In 
the Semenza insulator the wire is 
fastened below the upper petticoat. It 
is, therefore, not necessary for this 
petticoat to be strong enough to resist 
perforation. It need only be water- 
tight and sufficiently hard to resist 
mechanical shocks and rough usage in 
transportation. It is, therefore, made 
of a cheap form of terra-cotta. 

The point of attachment being some- 
what lower than in the old type, the 
strain-moment 1s reduced, thus enabling 
a reduction to be made in the thickness 
of the insulator and in the diameter and 
cost of the iron bolt. Since this upper 
petticoat or umbrella is not connected 
in any way with the pin, complications 
due to increased capacity are claimed 
to be avoided. The saving in price 
between the Semenza insulater and one 
of the old tvpe is stated to be between 
30 and 40%, for an equally safe installa- 
tion for working pressures between 
35.000 and 50.000 volts; for working 
pressures of 80.000 to 90,000, a saving 
of 50%, is claimed. The drops of water 
that collect on the surface of the 
insulator seem to indicate that these 
good results are not affected bv heavy 
films of moisture. 

"ig. Semenza savs he considers one 
of the reasons for the remarkable re- 
sults obtained in test to te that tke 
wire 15 at no point in touch with a 
Stream of water running over the sur- 
face of one of the effective petticoats of 
the insulator. It might perhaps be said 
that the important feature of the in- 
sulator seems to be that the live wire 
and the effective surface of the upper 
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petticoat screened from  ''live 
water." 

]t is interesting to ncte that tests 
indicate that the break-down point 
under the heaviest rainstcrms is only 
in the neighborhood of 90% of the 
dry-weather break-down. 

The Finzi single-phase road. Tre 
remarkable work by that pioneer and 


leader of Italian engineers, Dr. George 


are 
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The line operates at a frequency of 
15 cvcles; the choice of this low fre- 
quency is considered essential to its 
success. In addition, a vital feature 
is the method of neutralizing the 
armature reaction by means of a sub- 
sidiary coil in series with the armature, 
and placed at an angle of 90 degrees 
with respect to the field-magnet coils. 
This method of neutralizing the arma- 


Interior of the Hydroelectric station at Trezzo near Milan, Italy 
(Italian material and workmanship) 


Finzi. has recently attracted consider- 
able attention, especially through the 
fact that he has just completed a large 
factory (covering twenty acres of 
ground) for the development of single- 
phase traction apparatus in conjunction 
with the Société Westinghouse de 
Paris. Under this agreement both 
companies will push their combined 
patents. For high-speed experimental 
trials, a circular track has been built 
surrounding the factory. 


ture reaction is also employed by 
Messrs. Brown-Boveri, among the most 
successful builders of direct-current 
turbo-generators in Europe, and whose 
shops contain in process of construction 
several direct-current machines in sizes 
up to 2,000 kw. 

The diagram of the train circuits 
for motive power is of consider- 
able interest. The system is easily 
controlled from either end of the 
train, the transformer being divided 
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into two parts—one in the front 
carriage and the other in the last. 
The current 15 collected at 2,000 volts, 
and passing through the choke-coil 
of the lightning-arrester enters the 
relay of the main switch, which can be 
operated automatically or by hand. 
From the relay it passes through the 
switch, main fuse, primary of the 
transformerin the first carriage, along the 
train by one of the three wires placed on 
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of the intermediate or passenger cars, 
the motors being arranged in groups 
of three for each transformer. 

The first position of the controller 
gives approximately half normal volt- 
age, and the following controller steps 
from one to seven after the first applica- 
tion of half normal voltage adds 30 
volts each to the secondary, bringing 
the motor voltage from 180 to 360, 
which with three in series gives the 


The Trezzo Hydroelectric power station near Milan, Italy 
(Italian material and workmanship) 


the roof,and enters the primary of the 
second transformer at the other end of 
the train, and finally returns along the 
track to the generating station. 

The third. high-tension. line just 
referred to is used for placing the 
primary of the first transformer in 
parallel with the main switches. 

The complete equipment of the train 
consists of six motors, two on each of 
the end or driving cars and one on each 


average value of 120 volts per motor. 
The reversal of the motors is obtained 
in the same way as in the direct- 
current svstem. 

The brushes are made as long and 
narrow as possible, and a large number 
of commutator segments are employed, 
but no resistance is interposed between 
the winding and the segments. 

The acceleration. of the motors at 
starting is stated to be 0.5 ft. per second 
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per second. The operation of the motor 
is apparently extremely satisfactory, 
the commutation being verv good. 

An interesting feature of the Exhibi- 
tion was the installation of the trackless 
trolley system, a svtem invented bv 
Ing. Frigerio of Milan, and which has 
already been installed in numerous 
towns in Italy, serving to connect the 
cities with the country districts. 

In this system both positive and 
negative conductors run overhead and 
a four-wheel collector is employed 
two wheels on each wire. The current 
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greater than its own width, thus offering 
great facilities for the negotiation of 
such traffic as is met with. 

Transmission problem іп Northern 
Italy. The present status of transmis- 
sion line work in Italy is of great 
interest. There is a dense network of 
transmission lines surrounding the city 
of Milan. 

А map was prepared especially for the 
balloon and airship trials in connection 
with the Exhibition in order that the 
grappling irons used by the aeronauts 
might not be permitted to foul any high- 


The Interior of the 60,000-volt direct-current hydroelectric station 


at Moutier (Savoy) 


(Thury patents) 


This station transmits 


power to Lyon, France, 115 miles 


enters through the trolley arm, passes 
through the controller into the motor 
(which 1s geared directly to the wheels 
of an omnibus), and returns by the 
trolley arm to the overhead conductor. 
These vehicles are mounted on springs 
and provided with solid-rubber tires. 
Since the roads in the Reviera district 
are in general very good, speeds up 
to 20 miles an hour are reached. 

The mounting of the trolley arm is 
so arranged. and the arm itself is of 
sufficient length, to enable the omnibus 
to move from side to side over a distance 


tension lines. This map also served to 
illustrate the rapid growth of trans- 
mission in Italy. | 

The latest station in the Milan 
district is that at Trezzo. It 1s equipped 
entirely with Italian material and 
built by Italian labor. The picture of 
the interior is taken from the switch- 
board which is situated at one end of 
the station. The water-wheel governors 
shown in the foreground are note- 
worthy from their extreme simplicity 
of construction and the admirable 
results obtained іп service. The 
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waterfall is very low, not more than 25 
feet. The transmission tower used on 
this system illustrates the latest de- 
velopment of this work. It was 
designed by Sig. Semenza. A pcint of 
interest is the arrangement of the 
equilateral triangle formed bv the 
points of support, which it will be 
noted does not have 115 base-line 


parallel to the horizon, but is tilted in a 
position to 


mathematically correct 
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is backed by thoroughly trustworthy 
financial men. 
In this connection it should be noted 


that in Italy coal is very expensive, 


ranging from $7.00 to $9.00 per ton, 


and that finding herself almost en- 
tirely dependent on water for any eco- 


nomical attempts of power production, 
Italy has recently devoted much atten- 


tion to the cheapening of that most ex- 


pensive adjunct, hydraulic engineering. 


The Party in Liverpool—]n foreground Schuyler Skaats Wheeler, president of 
the American Institute of Electrical Engineers, and Dr. R. T. 
Glazebrook, F. R. S., president-elect of the Insti- 
tution of Electrical Engineers 


give the greatest permissible swinging 
of the wires without contact. 

The Ligurian Hvydrcelectric Com- 
pany is one of the most prominent of 
the companies now rapidly springing up 
in all parts of northern Italy, having 
as their object the development and 
conversion of water power and its 
transmission to factories, central sta- 
tions, and railways. The leading engi- 
neering spirit is Professor Zunini of the 
University of Milan, and the scheme 


The capacity of the various plants is 
as follows: Bormida, 7,000 h.p., situ- 
ated 34 miles west of Genoa. Orba 
inferior, 6,000 h.p., having a power 
station at Molare, 27 miles from 
Genoa to the northwest. Orba superior, 
16,000 h.p., 10 miles to the west of 
Genoa. Aveto, 54.000 h.p.. having a 
main power station at Cicagna, 21 
miles east of Genoa. Enza or Isola 
plant, situated 27 miles to the north of 
Spezia, on the Mediterranean Sea. 
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The Aveto River flows into the Po 
and has its source near Cabanne, where 
a lake will be formed with a capacity 
of 54,000,000 cu. m. by erecting a dam 
44 m. high at the northeastern end. 
A storage reservoir will catch the flood 
water and provide for a continuous 
flow down the old water course double 
the present observed minimum. The 
capacity of this reservoir will be 
10,000,000 cu. m. From the main 
reservoir at Cabanne a water course 
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the last 70 vears, and by more close 
personal study by the society's staff 
since 1903. 

The head of water dealt with is so 
great that it has been divided among 
three stations, the first two to be used 
by the society, and the power from the 
third station to be given to the railway 
administration of Italy, in accordance 
with Italian law, if claimed by them 
within ten years of the granting of the 
rights. 


In Liverpool--The decorated tram cars which conveyed the party through 
the city 


five miles long is being constructed. 
one-half of which will be ditched and 
the other half tunneled. From this 
channel a continuous flow of 2.5 cubic 
metres per second as a minimum 
quantity may be drawn with a peak- 
load allowance of 7 cubic metres per 
second. 

The various waterflows considered 
throughout the whole svstem have 
been checked by examination of mete- 
orological observations extending over 


The first generating station has a 
water head of 1,148 ft. and will have 8 
units of 3,200 h.p. each installed. The 
second generating station will have a 
head of 623 ft. and a final output of 
16,000 h.p. divided among five generat- 
ing units. The third station, the de- 
velopment of which is left to the 
railway administration, will have a head 
of 557 ft. and total output of 12,000 h.p. 

It is estimated that the total amount 
of energy from the first and second 
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stations will be 60,000,000 kw-hr. per 
annum, and from the third station 
20,000,000 kw-hr. per annum. The 
cost of the first and second stations is 
estimated at 16,000,000 francs, and it 
is estimated that power mav be sold 
to the average customer for five cents 
per kilowatt-hour. 

The Enza or Isola project has a 
capital of 2,500,000 francs. to be 


raised to 4,000,000 francs, and the 
engineering 


hvdraulic and civil has 


(Jure 


producing a fall of 120 ft. with 4 cu. m. 
per second, corresponding to 1,600 h.p. 

The transmission lines on these 
systems will operate at 33,000 volts 
and probably 42.5 cycles per second. 
The other power schemes which are 
being undertaken by this society are 
very similar in plan to those above de- 
scribed 

THE ENGLISH TOUR. 

Although of great interest from an 

engineering point of view, the English 


Boarding the decorated cars in Liverpool— President John Gavey, C. B., of the 
Institution of Electrical Engineers, and Mrs. Gavey, in foreground 


already begun. It takes water from 
the Enza River where a reservoir of 
4,000,000 cu. m. is being built. 

An earth dam 20 m. high will form 
the barrier thrown across the river. This 
is a daring piece of civil engineering. 
and if successful will lead to a great 
cheapening of future hvdraulic work in 
Europe. The water from this reservoir 
is taken by a water course three miles 
long to the Rimagna or first station, 


visit, both during the international 
gathering in London from June 23 to 
June 28, and the tour through the 
provinces from June 28 to July 7 1906, 
will probably leave a more lasting im- 
pression on the American visitors from 
its social aspects. 

The reception and the entire plans 
were marked throughout by the ut- 
most cordialitv, and, in the magnificent 
and extensive preparations made every- 
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where for the reception of the visitors, 
there was evidenced not only the 
hospitality of a great nation, but the 
desire to outdo the kindness shown to 
the British society in its previous 
visits to other countries, a desire which 
was undoubtedly fulfilled. 

The reception in London included the 
ceremony of the opening of the National 
Physical Laboratory by the Secretary 
of State for War, a dinner at the Hotel 
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The reception at the Natural History 
Museum, luncheon parties, visits to 
works, power stations, etc., sight seeing 
excursions in the city and to Windsor, 
made a perfect round of enjoyment, 
throughout which the elaborate care 
and forethought of our hosts showed in 
the smoothness of all arrangements. 

The tour through the Provinces. 
The number who actually responded 
to the invitation of the Institu- 
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A street scene in Liverpool—The party boarding the decorated cars—Sig. Guido 
Semenza in foreground 


Cecil on the opening day at which over 
500 guests were present, including 
Lord Kelvin, Lord Suffield, Sir William 
White, Sir Alexander Binnie, Sir Will- 
iam Ramsey, Sir Henry Vance, Sir 
Charles Owen, Sir W. Crookes, govern- 
ment officials, the consuls of the 
countries sending delegates, the presi- 
dents and secretaries of the visiting 
institutions, and a large number of 
distinguished visitors. 


tion of Electrical Engineers for the tour 
through the provinces, was as follows: 


Germans 71 
Italians 41 
French 17 
Swiss 14 
Americans 14 


The remainder, bringing the total up 
to over 200, were British. 

The provincial tour was marked by 
similar tokens of cordiality and kindness. 
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At all the cities visited, receptions and 
banquets were the order of the day. 
these taking place at the invitation of 
the lord mayors, lord provosts, and city 
officials. 

Perhaps the keenest interest focused 
on the gathering which assembled 
at the University of Glasgow on 
Monday, July 2, 
Lord Kelvin, where 


by invitation of 
the reception 
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chief features of engineering importance 
in the Engish tour were: 

1. The development of steam turbine 
work, 

2. The lighting developments, 

3. The growing popularity of con- 
catenated motor converters. 

Messrs. Willans and Robinson had a 
large number of turbines under con- 
Struction, the chief of which were 


In the garden of the Prince of Wales Hotel in Ambleside (Lake District) July 1. 
Mons. Paul Dapple, manager of the ‘‘Compagnie de l'Industrie Electrique et 
Mecanique” of Geneva, and Professor Andrew Jamieson of Glasgow 


took place in the famous Bute 
Hall. Several interesting incidents 
occurred, among them the presen- 


tation to Lord Kelvin by the Asso- 
ciazione Electtrotecnica Italiana of 
two magnificent reproductions of old 
drawings of and 
chanical versatile 
Leonardo da Vinci. 

Part 2.—The provincial tour. 


mathematical 
by the 


me- 
subjects 


The 


several 3,000-kw. sets operating at 750 
rev. per min., 180 1b. pressure and 100 
degrees superheat. These sets which 
represent the latest practice of this 
company, employ definite ventilation of 
the generators. For the bearings, oil 
under pressure is supplied to the 
center and carried along the surface of 
one longitudinal groove. The by-pass 
is arranged for automatic operation 
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from the governor when the throttle 
is fully opened. The casing is built 
up in several pieces and the high- 
pressure end mounted on a machine 
surface which allows sufficient motion 
to take care of the expansion due to 
change in temperature. The balance 
pipes are taken out from an intermedi- 
ate stage and run separatelv through an 
expansion-joint to the balance-rings, 
no longer forming part of the main 
casing as in former machines. It is of 
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traction. generator, compound wound. 
The rating is 1670 to 1870 amperes at 
400 to 450 volts shunt wound and from 
zero to 1360 amperes at 500 to 550 
volts. 

The auxiliary or commutating poles 
belong to an entirely distinct mag- 
netic system with a separate yoke. 
This yoke is made up of two rings 
rather less in diameter than the main 
voke and the commutating poles (which 
have the same length along the axis 
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A Sunday in the Lake District —The start from Windermere, July 1, '06 for 
the coach ride to Keswick 


interest to note that vibration tacho- 
meters are used throughout their 
testing department. 

Another prominent English manu- 
facturing concern recently built a 750 
kw. machine operating at 1600 revolu- 
tions per minute and direct-connected 
to a direct-current generator operating 
at 400 to 550 volts. The field winding 
of the generator is so arranged that the 
machine will operate as a lighting 
generator, shunt wound, or as a 


of the machines as the main poles and 
are laminated) project into the spaces ` 
between the main poles. They are 
excited by a winding in series with 
the armature and so designed as to 
give a field of the correct strength 
for commutation. The commutation 
magnetic system is not saturated and 
the flux is, therefore, practically pro- 
portional to the load. 

A diverter is provided in parallel 
with this winding, by means of which 
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the proportion of the main current 
flowing around the commutation poles 
can be shunted. This diverter also 
serves to render the change of flux in 
the commutation magnetic system 
extremely rapid, acting on the well- 
known principle of a large inductance 
shunting a smaller one. 

This diverter stands beside the 
turbo-generator. It is about 3 ft. in 
height and similar in construction to a 
standard core-type transíormer, being 
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The turbo-generator sets by Messrs 
Parsons of Newcastle-on-Tvne, present 
many interesting features, and the 
following points will serve to illustrate 
their latest design. Probably the most 
important of the recent improvements 
in this type of turbine is the adoption 
of the unstrippable blading. This type 
of blading is also used by the Brown- 
Boveri company of Switzerland. 

The blades are very similar to the old 
form previously used, being placed 


In the Lake District, Leaving Grasmere, July 1, '05. 


provided on the top with an adjustable 
air-gap for varying the inductance, and 
in front with a large copper revolving 
switch with several studs which serve 
to vary the number of turns, the studs 
being connected to taps in the winding. 

The commutator which is approxi- 
mately 3 ft. long has five shrink-rings. 
Carbon used and ebonite 
fixed in the 
spaces between the revolving shrink- 


rings. 


brushes are 


protection pieces are 


around the drum in a recessed groove, 
each one separated from its neighbor 
by a distance-piece, and а metal 
supporting ring is recessed and brazed 
into the side of each blade at a distance 
of approximately 1 in. from the top. 
The top, { in. is, however, cut as thin 
as paper. This is considered strong 
enough for the small pressure to be 
carried by each blade. In case rubbing 
occurs between the top of the blade and 
the surrounding cylinder, the former 
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wil not break, but will simply burr 
over. Another feature of interest is 
the employment of tke clcsed-slot 
construction for the stators cf the 
Parsons alternators. This company 
considers that the extra labor involved 
by the consequent hand winding of the 
armature is more than counterbalanced 
bv the resulting possibility of making a 
solid (unlaminated) metal rotor, and 
the much improved wave-form œb- 
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situation. Tantalum, os- 
mium, tungsten, zirconium, wolfram, 
bastian mercury vapor type, and 
several patterns of flame arc lamps 
are only a few of those now to be seen 
in many parts of Europe, while almost 
every engineer to be met with has a 
friend with a new lamp idea which is 
to sell for next to nothing, and have a 
wonderful life and efficiency. 

It is, however, certain 


Lighting 


that in 


In the Lake District July 1—Mr. W. M. Mordey and party 
leaving Grasmere 


tained. — Furtker, tke increased self- 
induction is nct considered a disad- 
vantage; Since it tends to limit the short- 
circuit current and thus reduce the se- 
vere mechanical strains to which a short- 
circuited turbo-generator is subjected. 
Definite ventilation as now employed 
throughout by German and Swiss 
firms, is not yet the regular practice cf 
the Parsons companv, but is beginning 
to be asked for somewhat frequently. 


Europe the carbon-filament lamp is 
rapidly disappearing. The tantalum 
lamp sells for about 60 cents. The 
zirconium is promised for about 30 
cents. The bastian lamp with its 
10,00J-hour life and 0.8 watts рег 
candle power consumption, sells in the 
neighborhood of $10.00, but there is 
great p.ssibilitv. of this price being 
shortly reduced. Flame arcs are to be 
seen everywhere, and the conditions are 
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such that financial men hesitate to 
invest money when the next day may 
find their lamp superseded. 

Part 2.—Machines for converting 
from alternating to direct current. А 
greater variety of these machines is to 
be seen in Europe than in the States. 
Those at present in use of more 
especial interest to Americans are the 
permutator and the motor converter. 
The permutator is manufactured by 
the. Societa Egyptiene d’ Electricite of 
Paris. These machines are being called 
for more frequently than in the past. 

А 50-kw. 600-volt direct-current, 
2000-volt  alternating-current, three- 
phase permutator was exhibited at the 
Milan Exhibition intended for operation 
in multiple with a  motor-generator 
set and it was claimed that it would 
give satisfaction, but the construction 
of this plant was not completed at 
the time of our visit. 

The motor converter manufactured 
by Bruce-Peebles Company of Edinburg 
has recently made great progress in 
England, manufacturers claiming to 
have a total kilowatt capacity manufac- 
tured and in hand greatly exceeding all 
the synchronous converter kilowatt 
capacity in the country. 

The field of this type of converting 
apparatus lies in high-frequency, moder- 
ately high alternating-current voltage 
(not exceeding 13,200 volts approxi- 
mately) and а high direct-current 
voltage. Under these conditions verv 
favorable cost comparisons are ob- 
tained with any other converting ap- 
paratus; a slight saving in floor space 
and a somewhat wide voltage variation 
on the direct current side with a fixed 
alternating current voltage 1s obtained. 

In the Dickenson street sub-station 
of the Manchester Corporation elec- 
tricity works, three of these con- 
verters were in operation. The alternat- 
ing-current end was wound for 6500 
volts, three-phase, 50 cycle, and with 
this fixed voltage the direct-current 
pressure could be varied so as to enable 
the machines to operate on either the 
400-volt or 550-volt direct-current bus- 
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bars, with an output of 1200 amperes. 
and 900 amperes, respectively. 

The engineer in .charge of this 
station stated that exceedinglv heavy 
overloads do not pull these machines 
out of step. Their synchronizing 
properties, facility of handling, sta- 
bility of operation, etc. are verv 
much the same as that of synchronous 
converters on the same system. 

The starting is done from the al- 
ternating current side end by means of 
resistance inserted into the rotor wind- 
ing which is connected to the slip-rings. 


Hall of Fame 


The Institute was officially repre- 
sented by Mr. William J. Hammer оп 
Memorial Day. at the second unveiling 
of tablets in honor of great Americans 
at the Hall of Fame, University 
Heights, New York City. The exercises 
were very impressive, orations being 
delivered by Governor Hughes of New 
York and Governor Guild of Massa- 
chusetts. Mr. Hammer in behalf of the 
American Institute of Electrical Engi- 
neers placed a beautiful wreath suitably 
inscribed upon the tablet of Samuel 
F. B. Morse, which was unveiled at the 
first ceremony six years ago when 
the Institute was similarly represented 
by Mr. Gano Dunn. ` 


Submarine Signaling 

The first pneumatic bell used on a 
submarine vessel was installed on the 
Octopus, bv H. S. Wilson, prior to her 
recent trials at Newport, R. I. The 
results obtained were entirely satis- 
factory, and orders arranged on a code 
were transmitted several miles through 
the water, and signals given to the 
Octopus for firing ker torpedoes, when 
submerged, etc. 

Mr. Wilson was also engaged on other 
interesting work, placing electric bellg, 
on the ocean bed off Boston Light, 
Mass., and at Chibucton Head, Halifax, 
Nova Scotia. These bells are operated 
from a shore station about two and a 
half miles distant. 
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Seotions and University 
Branches 


BALTIMORE SECTION 


Thirty members of the Baltimore 
Section held a meeting at the Johns 
Hopkins University on June 21, 1907. 
John В. Whitehead presided. The 
following officers were elected to serve 
during the ensuing year: John B. 
Whitehead, chairman; Charles G. Ed- 
wards, Secretary; Charles E. Phelps, Jr., 
P. O. Keilholtz, H. A. Foster, H. W. 


Peck. W. D. Young, executive com- 
mittee, Mr. P. O. Keilholtz read a 
paper on the ‘Progress in Low- 


Frequency, Alternating-Current, Incan- 
descent Lighting." 


CHICAGO SECTION 


High-tension transmission was the 
subject for discussion at the special 
meeting of the American Institute of 
Electrical Engineers in the Auditorium 
Ketel, Chicago, on Мау 24. It was the 
largest meeting ever held under the aus- 
pues of the Chicago Section, about 200 
cing present when the meeting opened 
at 9 o'clock in the morning. Besides 
the value of the discussion, those 
present enjoyed the hospitality of 
the local committee in the form of a 
tasteful dinner in the palm room of the 
auditorium, and later there was a 
tnp and inspection tour to the large 
new hydroelectric plant of the Grand 
Rapids and Muskegon Power Company 
on the Muskegon River in Michigan. 

The whole event from the opening of 
the meeting on Friday morning to the 
return of the steamer Puntan on Sunday 
morning was highly profitable and 
greatly enjoyed by all. To Messrs. 
P. B. Woodworth and George A. 
Damon of the local committee, Mr. 
P. M. Lancoln of Pittsburg and Mr. 
F. E. Greenman of the power company 
is due much credit for the success of 
the meeting and excursion. 

Professor P. B. Woodworth of Lewis 
Institute, Chicago. chairman of the 
Chicago Section, called the meeting to 
order on Friday morning. and after a 
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few remarks in which he called attention 
to the series of meetings arranged by 
the High-Tension Transmission Com- 
mittee, introduced P. M. Lincoln of 
Pittsburg. Mr. Lincoln took charge of 
the discussion in place of Ralph D. 
Mershon of New York, chairman of the 
committee, who was unable to attend 
on account of an attack of tonsilitis. 

Discussion of high-tension problems 
was based on five papers, as follows: 
" Relative Merits of Three-phase and 
One-phase Transformers," by H. W. 
Tobey of the General Electric Company; 
" Relative Advantages of One-phase 
and  Three-phase "Transformers," by 
John 5. Peck of the British Westinghouse 
Electric Company; '' Potential Stresses 
as Affected by Overhead Grounded Con- 
ductors,” by К.Р. Jackson of the West- 
inghouse Electric Company; '' Forced 
Oil and Forced Water Circulation for 
Cooling  Oilainsulated Transformers,” 
by C. C. Chesney of the Stanley 
Electric and Manufacturing Company; 
“Open vs. Enclosed High-voltage Sta- 
tion Wiring," by F. O. Blackwell of 
New York. The papers and discussions 
were not presented as covering the whole 
feld of the subjects discussed, but 
brought out the salient features on 
which differences of opinion might exist. 
Messrs. Tobey, Peck, Chesney, and 
Blackwell were not present and their 
papers were read respectively by W. S. 
Moody, J. W. Farley, C. W. Stone, and 
W.S. Moody. The first two papers 
being on the same general subject, thev 
were discussed together. 


The last meeting of the Chicago 
Section for the Institute vear 1906-7 
was held on Tuesday, June 11, 1907, at 
8 o'clock, in the rooms of the Western 
Society of Engineers. 

Mr. E. T. Adams, general manager 
of the gas-engine department of the 
Allis-Chalmers Company, Milwaukee, 
read a paper on, ' The Application 
of Large Gas Engines to Electrical 
Units." Slides were used to illustrate 
lecal and foreign practice, and an in- 
teresting discussion followed. 
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CINCINNATI SECTION 

The regular annual banquet and 
meeting of this Section was held at 
Schuler's Cafe, Wednesday evening. May 
29, 1907. The following officers were 
elected to serve during the ensuing 
year: Mr. G. A. Wessling, president; 
Mr. Budd Frankenfield, vice-president; 
Mr. A. C. Lanier, secretary. The busi- 
ness meeting was followed by the read- 
ing and discussion of the following two 
papers: "' Three-phase vs. Single-phase 
Transformers", and “ Station Wiring”. 
Much interest was manifested in the 
discussion. 


UNIVERSITY OF COLORADO BRANCH 

This branch held two meetings during 
May 1907. On May 8,an address was 
given bv Mr. Appolter, on the Northern 
Colorado Company's new central sta- 
tion at Lafayette, Colorado. At the 
Second meeting a paper was presented 
by Mr. Eby on the Moore lamp. 

The following officers have been 
elected to serve during the ensuing 
year: Mr. A. M. Gregg. president; 
Mr. H. S. Buchanan, secretary-treasurer. 
The prospects for increased membership 
ard interest in this Branch are very 
promising. Most of this vear's Students 
have been graduated and are going 
East to enter the employ of some of 
the large manufacturing and operating 
companies. 


COLUMBUS SECTION 
At a meeting of this Section, held 
June 3, 1907. the following officers were 
elected to serve for the ensuing year: 
Mr. К. J. Feather, chairman; Mr. H. L. 
Backman, secretary; Messrs. W. А. 
Wolls and R. E. Manley, managers. 


UNIVERSITY OF MONTANA BRANCH 

The Asscciates and Students who 
applied for permission to organize 
the University cf Montana Branch, 
met on May 24, 1907 and elected the 
following officers: Professor Robert 
Sibley, chairman; George Slack, vice- 
chairman: C. H. Christensen, treasurer; 
and S. R. Inch, secretary. 
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It was also determined that the above 
named persons should comprise the 
executive committee. There were thir- 
teen Associates and Students of the 
Institute present at the meeting and 
it is believed that upon the resumption 
of actual work next September the 
Branch will number twenty to twenty- 
five members. 

It was further decided that the meet- 
ings should be held on the first Thursday 
of every month, the first meeting cf 
the Branch to be held on October 3, 
1907. During the evening a very in- 
teresting paper was read by Professor 
Sibley entitled ‘‘The Bedell System of 
Composite Transmission of Electrical 
Energy ", the subject being well illus- 
trated by experiments. 

The membership of the Branch is 
very enthusiastic and there is every in- 
dication that the organizaticn will be 
verv helpful to the university, and that 
the aims and purposes of the American 
Institute of Electrical Engineers will 
be promoted in this locality by the 
work of the Branch. 


PHILADELPHIA SECTION 


The thirty-eighth meeting of the Phil- 
adelphia Section of the American Insti- 
tute of Electrical Engineers was held 
on June 17, 1907, in the roof-garden of 
the Manufacturers' Club of Philadel- 
phia. This being the annual meeting. 
the first business was the election of 
officers for the coming year. | 

The chairman, Mr. W. C. L. Eglin, 
appointed Messrs. Bernstein and Many- 
pennv tellers, who after counting the 
ballots reported the election as follows: 


Total number of votes cast 52, dis- 
tributed as follows: 

Chairman, J. F. Stevens, 52 votes; 
Secretary-treasurer, H. F. Sanville, 52 
votes; assistant secretary, L. J. Costa, 
52 votes; managers, E. Е. Northrop, 46 
votes; Geo. Hoadley, 44 votes; Charles 
Day, 41 votes; H. C. Snook, 13 votes; 
C. Bonine, 8 votes; E. P. Coles, 4 votes. 

Messrs. Stevens, Sanville, Costa, 
Northrop, Hoadley, and Day were de- 
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clared elected to the respective offices 
as indicated by the ballot. 

The entertainment committee had 
provided a vaudeville-smoker for the 
balance of the evening and the business 
part was adjourned. There were 104 
visitors and members present. 


SEATTLE SECTION 

The Seattle Section held its annual 
convention at Spokane on June 15-16, 
1907. 

A number of the members and their 
friends left on the Great Northern 
Friday evening, June 14, 1907, at 8 
o'clock and arrived in Spokane at 9:45 
o'clock the next morning. 

Saturday, June 15, 1907 was spent in 
examining the single-phase railway 
svstem of the Spokane Inland Electric 
Railway. A meeting was held that 
evening in Spokane at 8 o'clock. 
J. B. Ingersoll read a paper on the 
" Single-Phase System of Railways." 
Professor C. Edward Magnusson was 
instructed as to the needs of the mem- 
bers west of the Rocky Mountains, so 
that he will be able to represent this 
membership at the A. I. E. Е conven- 
tion, to which he goes as a delegate. 

On the following Sunday several 
interesting trips were taken in and 
around Spokane. We returned home 
Sunday evening, arriving in Seattle 
early Monday morning. 


TOLEDO SECTION 

This section was formally organized 
at a meeting held in the Smith & Baker 
Building, on June 3, 1907. The follow- 
ing officers were elected to serve during 
the ensuing year: Mr. W. G. Nagel. 
president; Mr. George E. Kirk, secre- 
tary; Messrs. Richards, Nickels, Kirk, 
Dorman, and Nagel, executive com- 
mittee. Mr. W. E. Richards was unan- 
imously chosen as alternate-delegate 
to the Niagara Falls Convention. Mr. 
Brown, of Lynn, Mass., gave aninstruct- 
ive and interesting talk on the con- 
struction and operation of mercury 
rectifiers. The Institute paper on the 
Rowland Telegraphic System was then 
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abstracted by Mr. George E. Kirk. 
This Section will resume activity early 
in the autumn. 


WASHINGTON SECTION 

The annual business meeting of this 
Section was held on June 8, 1907. 
Mr. Paul Burton was elected chair- 
man, Mr. Philander Betts was re- 
elected secretary, Professor F. A. 
Wolff, Major Edgar Russell and Mr. 
E. E. Clement were elected the three 
other members of the executive com- 
mittee. The Section will suspend ac- 
tivity during the summer months. 


— —— + 


Associates Elected 


At a regular meeting of the Board 
of Directors held in the Engineers' 
Building, 33 West Thirtv-ninth street, 
New York, Friday, June 21, 1907, at 
3:30 p. m., the following 271 Associates 
were elected: 


AANES, Отто RUTHERFORD, Superin- 
tendent, Brookings Light, Heat, and 
Water Department, Brookings. S. D. 

ADAMS, JULIAN, Electrical Engineer, 
Pacific Electric Railway Co.; res., 735 
Francisco St., Los Angeles, Cal. 

AsHBRIDGE, DoNALD MacQUEEN, Elec- 
trical Engineer, Malcolm M. Hill Co.; 
res., Oak Lane, Philadelphia, Pa. 

ATKINSON, ALBERT A., Professor of 
Physics and Electrical Engineering, 
Ohio University, Athens, Ohio. 

ATKINSON, Tuomas WiLsow, Professor 
of Physics and Electrical Engineer- 
ing, Louisiana State University, Ba- 
ton Rouge, La. 

Backus, Cyrus Day, Assistant Exam- 
iner, United States Patent Office; res., 
1017 P. St., Washington, D. C. 

BairLEv, JoSEPH’ Harry, Engineer and 
Salesman, K. C. C. & B. Mfg. Co., 
1110 McGee St.; res., 642 Park Ave., 
Kansas City, Mo. 

BaxNiNG, THOMAS ALLEN, JR., Student, 
Armour Institute of Technology; res., 
5610 Madison Ave., Chicago, Ill. 

BARNES, WELDEN FAIRBANKS, Corre- 
spondent, Westinghouse Electric and 
Mfg. Co., Kansas City. Mo. 
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BARRETT, WILLIAM ALEXANDER, Meter 
Inspector, Missoula Light and Water 
Co., Missoula, Mont. 

Barrows, WILLIAM EDWARD, JR., In- 
structor Electrical Engineering, Ar- 
mour Institute of Technology; res., 
908 E. 60th St., Chicago, Ill. 

BARTLETT, ENocH JosEPH, Assistant 
Engineer, Electric Vehicle Co.; res. 
35 Laurel St., Hartford, Conn. 

BEALS, WILLIAM BRYANT, Block In- 
spector, Chesapeake and Potomac 
Telephone Co., Baltimore, Md. 

BEAZLEY, ARTHUR TETLEY, Assistant, 
General Electric Co.; res., 241 Lib- 
erty St., Schenectady, N. Y. 

Вескѕтком, Jonn A., Superintendent, 
Switchboard Department Tri-State 
Telephone and Telegraph Co.; res., 
1108 Jessie St., St. Paul, Minn. 

BECKWITH, EDWARD PIERREPONT, En- 
gineer, General Electric Co., Schen- 
ectady; res., Garrison, N. Y. 

BELFIELD, REGINALD, Manager, West- 
inghouse Patent Bureau; res., 2 Nor- 
folk St., Strand, London, W. C. Eng. 

BELT, WILLIAM BRADLEY TYLER, Su- 
perintendent, Nebraska Telephone 
Co., 202 S. 18th St., Omaha, Neb. 

BENEZE, WirriAM, Chief Electrician, 
Marvland Telephone Co.; res., 124 
Stafford St., Baltimore, Md. 

BERNHARDT, Davip F., Chief Electri- 
cian, J. B. King & Co., 402 Richmond 
Terrace, New Brighton, S. I, N. Y. 

BIpWELL, CARLYLE D., Sub-Foreman, 
Western Electric Co.; res., 2633 N. 
Hermitage Ave., Chicago, Ill. 

BicELow, Horatio, Consohdated Rail- 
way Co., Norwich, Conn. 

BINGHAM, ALBERT RAIGUEL, Operator, 
Hudson River Electric Power Co., 
Albany; res., Spier Falls, N. Y. 

Bishop, WARREN JOSEPH, Erecting En- 
gineer, Allis-Chalmers Co.; res., 904 
Summit Ave., Milwaukee, Wis. 

Bivins, WALTER THomaS, Engineer Elec- 
trical Equipment, United Railroads; 
San Francisco, Cal. 

Instructor, 
Roxbury 


BLACK, NEWtToN HENRY, 
Physics and Chemistry, 
Latin School, Boston, Mass. 
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BLaKENEY, Henry Geisen, Tester, 
Dallas Electric Light and Power Co., 
Dallas, Texas. 

BRADFORD, WILLIAM, Superintendent, 
of Manufacture, Lincoln Gas and 
Electric Light Co., Lincoln, Neb. 

BricuT, НЕКВЕКТ Loose, Inspector 
and Draftsman, New York Central 
and Hudson River Railroad, New 
York City. 

Broros, Einar, Assistant Chief Engi- 
neer, American Electric Telephone 
Co.; геѕ., 891 №. 40th Court, Chicago. 

BrRowN, CLARENCE CLAPP, Assistant 
Engineer, Bell Telephone Co., 11th 
and Filbert Sts., Philadelphia, Pa. 

Brown, Percy M., Operator, Huronian 
Co., High Falls, Ont. 

Buttock, Frank E., District Inspector, 
Chesapeake and Potomac Telephone 
Co.; Baltimore, Md. 

Burns, Harvey Lynn, Telephone En- 
gineer, Western Electric Co., 463 West 
St.; res., 10 W. 64th St., №. Y. City. 

Burt, AusriN, General Superintendent, 
Citizens Gas and Electric Co., Water- 
loo, Iowa. 

Busu, Henry F., Jr., Erecting Engi- 
neer, Westinghouse Electric and Mfg. 
Co.; Philadelphia, Pa. 

Cary, EpwaARD EGBERT, President and 
Treasurer, Edward E. Cary Co., 59 
Park Place, New York City. 

CARTER, CHARLES EDWARD, Superin- 
tendent of Distribution, Madison Gas 
and Electric Co., Madison, Wis. 

CARTER, WiLrsoN Аховсѕ, Electrical 
Engineer, Denver Gas and Electric 

Co., 405 17th St., Denver, Colo. 


CAUFIELD, J. J., Commercial Electrical 
Engineer, General Electric Co.; res., 
40 Glenwood Blvd., Schenectady. 

CHAMBERLAIN, FREDERICK ARTHUR, 
Electrical Engineer, American. Gas 
and Electric Co., Philadelphia, Pa. 

CHAPMAN, ALLAN, Works Engineer, E. 
R. Thomas Motor Co., Buffalo, N. Y. 

CHAPPELOW, Fay Erpow, Installer, 
Stromberg Carlson Telephone Mfg. 
Co., Rochester, N Y. 

CHRISTENSEN CHRISTIAN H., Missoula 
Light and Water Co., Missoula, Mont. 
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CLARKE, Henry Рнилр, Master Mech- 
anic, New York City Railway Co.; 
res., 133 W. 140th St.. New York City. 

CLEWELL, CLARENCE Epw np, Instruc- 
tor, Electrical Engineering, Lehigh 
University, Bethlehem. Pa. 

CovssiRAT, HENRY ALFRED, Assistant 
Engineer, New York Telephone Co., 
15 Dey St.; New York City. 

CooprER, Drury W., Member of Firm, 
Kerr, Page and Cooper, 149 Broad- 
way, New York City. 

CORRIGAN, EDWARD, Superintendent, 
Chesapeake ard Potomac Telephone 
Co., 5 Light St., Baltimore, Md. 

CRANE, EpGaR WirLis, General Man- 
ager, Segura Braniff у Cia, Orizaba, 
Vera Cruz, Mexico. 

CRosBY, GEORGE Locke, Sales Engi- 
neer, Crosby, Craft ard Co., 723 Wil- 
liamson Bldg., Clevelard, Ohio. 

CURRENT, Guy Leroy, Deskman, New 
York and New Jersey Telephone Co., 
547 Clinton Ave., Brooklyn, N. Y. 

DANNER, JAKE, Western Electric Co., 
Chicago, Ill. 

Davis, NELsoN B.. Electrical. Drafts- 
man, Westinghouse Electric ard Mfg. 
Co., Pittsburg, Pa. 

Davisson, HENRY LAWRENCE, Assistant 
Engineer of Storage Batteries, New 
York Edison Co., New York City. 

DEREMO, LEONARD J.. Consulting Engi- 
neer, Fourth National Bank Bldg.; 
res., College Hill, Cincinnati, O. 

DeVeEp, Horace WARREN, Assistant to 
Engineer, Westchester Lighting Co., 
Mount Vernon, N. Y. 


Dient, Harry Everett, Telluride 


Power Co., Provo, Utah. 

DixsMoRE, ЈоѕЕРН Patt, Telephone 
Engineer, Western Electric Co., 259 
S. Clinton St., Chicago, Ill. 

DorMAN, Harry Bowers, Chief Drafts- 
man, Toledo Railways and Light Co., 
Toledo, Ohio. 

Dorney, TAMES JOSEPH, Westinghouse 
Electric and Mfg. Co., St. Louis, Mo. 


Downey, JAMES NETHERMARK, Assist- 
ant Superintendent Camden Coke Co., 
Camden, N. J 
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DowNiNc, RICHARD CoLuins, Inspec- 
tion and Testing, Niagara Lockport 
and Ontario Power Co., Buffalo, N. Y. 

DREHER, HERBERT CLARENCE, Local 
Manager, Edison Electric Illuminat- 
ing Co., Tamaqua, Pa. 

DUCKETT, Atonzo L., Arc Light Su- 
perintendent, Asheville Electric Co., 
Asheville, N. C. 

EereLLs, HENRY WILson, Assistant, Elec- 
trical Engineering Department, J. G. 
White and Со., New York City. 

ELLis, ALFRED GEORGE, Chief Assist- 
ant and Manager, H. M. Hobart, 
Norfolk St., Strand, London, Eng. 

Erris, EBENEZER DvuNN, Superinten- 
dent and Manager, Plant City Ice 
and Power Co., Plant City, Fla. 

Evans, ROBERT PENNAL, JR., Engineer, 
Westinghouse Electric and Mfg. Co., 
Pittsburg, Pa. 

FAIRBANKS, CHARLES Epwin, Chief of 
Central Otlice Equipment, New York 
and New Jersey Telephone Co., 15 
Clinton St., Newark, N. J. 

Fint. Lovis Josern, Kellogg Switch- 
board ard Supply Co., Chicago, Ill. 

FosrER, FRANK HERBERT, Electrical 
Department, Long Island Railroad 
Co., New York Сиу. 

Fox. THomas Epwarp, Superintendent 
Electric Lighting Plant, Consolidated 
Railway Co., Greenwich, Conn. 

Fox, WALTER Gorvon, Assistant Chief 
Engineer, Ferrocarril al Curaray, 
Ambato, Ecuador, S. A. > > ` 

Frantz. Howard M., Manager Elec- 
trical Department, H. W. Johns Man- 
ville Co., 173 Randolph St., Chicago. 

Futter, Jons T., Chief Engineer, 
Phosph. Mining Co., Plant City, Fla. 

Funk, Nevin ЕЕ, Instructor Elec- 
trical Engineering, Georgia School of 
Technology; Atlanta, Ga. 

(5АВАҮ, Harry RUTHERFORD, Under- 


ground Engineer, New York Tele- 
phone Со., 15 Dey St., New York. 
GaBoury, JOHN рогам, General Man- 
ager, Alabama City, Gadsen and At- 
tala Railway Co., Gadsen, Ala. 
Gay, FRAZER WALKER, Electrical Engi- 
neer, Crocker-Whecler Co., Ampere. 
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GERHARDT, PriLiPP. WILHELM, Testing 
Department, General Electric Co.; 
res., 905 State St., Schenectady, N. Y. 

GiBsoN, CHARLES BRADLEY, Desigring 
Electrical Engineer, Westinghouse 
Electric and Mfg. Co., Fittsburg, Pa. 

GILBERT, JOSEPH N., Chief Engireer, 
National Construction ard Equip- 
ment Co., Norwich, Conn. 

GiLL, CLYDE Ross, Superintendent Elec- 
trical Distribution, Sacramento, Cal. 

GOLDBERG, Harry, Bond Tester, Long 
Island Railroad Co., New York City. 

GorTLiEB, Epwarpb, First Lieutenant, 
U. S. Army, Boston, Mass. 

Gou Lp, MorTIMER Dickinson, Inspect- 
ing Engineer, Niagara, Lockport and 
Ontario Power Co., Buffalo, N. Y. 

GRAHAM, ALFRED JAMES, Wire Chief, 
New York ard New Jersey Telephone 
Co., Brooklyn, N. Y. 

GRANT, WILLIAM WricuHt, Manager, 
American Conduit Co., 140 Nassau 
St., New York City. 

GREEN, FRANCIS VINTON, 
dent, Ontario Power Co., Buffalo. 

GuLick, Ray ALEXANDER, Mount 
Whitney Power Co., Visalia, Cal. 

Haar, SELBY, Engineer, General Elec- 
їгс Co., Schenectady, N. Y. 

Harpy, FREDERICK GEORGE, Yale and 
Towne Mfg. Co., Stamford, Conn. 

HAMILTON, LANSDALE ELLIS, Dean 
Electric Co., Elyria, Ohio. | 

HANSEN, JOHN PENFIELD, Wire Chief, 
Chicago: Telephone Co., Joliet, Ill. 

HARRINGTON, ALFRED Lewis, Erecting 
Engineer. General Electric Co., 1518 
Park Building, Pittsburg, Pa. 

HARRINGTON, JOHN Leroy, Telephone 
Engineer, Western Electric Co., N. Y. 

Harris, Epson SHEPPARD, Salesman, 
Doher Engineering Co., 119 South 
llth St., Philadelphia, Pa. 

Harrison, O. L., Construction Engineer 
Electric Storage Battery Co., 1400 
Association Building, Chicago, Ill. 


Vice-Presi- 


Harr, Harry U. Chief Engineer. 
Can. Westinghouse Co., Hamilton, 
Ont. 


HangrzkELLU МАТЕК L., Erection Engi- 
neer, Westinghouse Electric ага Mfg. 
Co., Baltimore, Md. 
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HELMHOLTZ, ARTHUR WILLIAM, Assist- 
art Епрі.єег, ard Draftsman, with 
G. H. Rowe. Chicago, Ill. 

HENDERSON, MATTHEW COCHRANE, AS- 
sistant Electrical Ergireer, Duredin 
City Corporation, Dui edin, N. Z. 

HENDERSON, Roy MANWARING, Engi- 
reer, Arrold Co., 181 LaSalle St.; 
res., 285 East 65th асе, Chicago, Ill. 

Hess, WILHELM, Compagine d'Electri- 
cite Alirth, Bale, Mur.cker. stein. Switz- 
erlazd. 


Hessin, JAMES H., Gereral Manager, 
Bloomir gton, Pontiac ard Joliet Elec- 
tric Railway, Portiac, Ill. 


Нил ARTHUR ST. Joun, Student, 
Polytechnic Institute, Brooklyn, N.Y. 

Hitt, Tuomas A., Consulting Engineer, 
and Attorrey 170 Broadway, New 
York City. 

Hitt, WIL_LttamM AMEAL, Electrician, 
Pope Motor Car Co., Toledo, O. 


HINRICHSEN, Epwarp E, 
Electric Co., Chicago, Ill. 
Hixon, ALFRED, J., with E. C. Lewis, 
121 Federal St., Boston, Mass 

Horr, CHRISTOPHER, JR. Electrical 
Engineer, Lee and Hoff Manufactur- 
ing Co. St. Paul, Minn. 


Horr, Елкі, Воск, Electrician, Pope 
Motor Car Co., Toledo, O. 


Hope, Harry LeRoy, Telephone Sales- 
man Western Electric Co., 259 South 
Clinton St., Chicago, Ill. 

HoprrkENsTEDT, Epwarp Henry, Clerk, 
B. H. Howell Son and Co., 109 Wall 
St., New York City. 

Houck, Henry Crart, Manager Supply 
Department. Gereral Electric Co., 
Cincinrati, О! io. 


Western 


HoOUGHTALING, WALTER A., Engineer, 
Rowlard Telegraphic Co., Baltimore. 
HowaRp, JAMES FRANKLIN, 
mentalist, Jersey Shore. Pa. 


Expen- 


Howk, CLARENCE Leroy, Telephone 
Engineer, Western Electric Co.; res. 
1143 W. Fullerton Ave., Chicago, Ill. 

Hov. HowARD HARTMAN, Instructor in 
Electrical Engineering, South Dakota 
State College, Brookings, S. D. 


1907] 


Ногвевт, Jous W., Jr., Chief Elec- 
trician, Auburn State Prison; res. 
42 Seminary St.. Auburn, N. Y. 

Номт, H. H., District Manager, Stone 
and Webster. Savannah, Ga. 

Hunt, Jous Herman, Instructor in 
Electrical Engineering, Washington, 
University, St. Louis, Mo. 

Ітон, Junzo, Electrical Engireer, Muni- 
cipal Electric Railway Department, 
City Hall; Osaka. Japan. | 

James, Henry Рниялр, Bryant Electric 
Co., Bridgeport, Conn. 

JONES, ARTHUR Lucas, Electrical Ergi- 
neer, Gereral Electric Co., res. 841 
Union St., Schenectady, N. Y. 

Jones, }О$ЕРН Henry, Utah Light ard 
Railway Co., Salt Lake City, Utah. 

JoNEs, SAMUEL Berian, Construction 
Foreman, General Electric Co., Sche- 
nectady, N. Y. 

Jones, STERNS Francis, Assistant Elec- 
trical Engineer, Postal Telegraph 
Cable Co., 253 Broadway, New York 
City. 

Jones, WirnLiAM SIGLER, Selling Agent, 
Motor Car Specialty Co., 112 North 
Broad St., Philadelphia. 


Joseri, RoBERT, Chemical Importing 
ard Manufacturing Co., 72 Pine St.; 
res., 28 W. 95th St., New York City. 

KELLocc, RicHarp BELA, Draughtsman 
Hartford Electric Light Co., Hartford. 

Kerr, Davin J., Electrician, Champion 
Fiber Co., Canton, N. C. 

Kwavur, RicHarp I., Director, Felten 
and Guilleaume, Vienna, Austria. 


Kos, Dirk, Ontario Power Co., Niagara 
Falls, N. Y. 


KoscHcRAK, FERDINAND, Engineer, 
Thomson Houston Co., 219 Rue 
de Vangirard, Paris, France. 


Kyser, HreNRY Hearst, Engineer, 
Talladega Planing Mill and Lumber 
Co., Talladega. Ala. 

Lane, Emmett Horace, Assistant, De- 
partment of Water Supply, Brooklyn, 
N. Y. 

LANGDELL, ЈоѕЕРН CHESTER, Meter Ex- 
pert, Hudson River Power Co.; res., 
28 Chestnut St., Albany, N. Y. 
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LEIGHTON, CLIFFORD HENRY, Chief 
Electrician, Saco and Pettee Machine 
Co., Boston, Mass. 

LENNARD, WILLIAM Henry, Electrical 
Engineer, Houghton Elevator ard 
Machine Co., Toledo, O. 

Lewis, Isaac NEw TON, Instructor, De- 
partment Electricity, Fort Monroe, Va. 

LITTLE, CLARENCE DUANE, Tester, 
Westinghouse Electric and Mfg. Co., 
Newark, N. J. 

Loomis, Everett Erastus, Tester, 
General Electric Co., Schenectady, N.Y 

LEHOSE, Francis Mac, Regulator, New 
York Edison Co., 151 E. 39th St., 
New York City. 

MacNutTt, Barry, Assistant Professor, 
Physics, Lehigh University, South 
Bethlehem, Pa. 

McCuintock, WiLLIAM McKean, Elec- 
trical Engineer, McClintock Manufac- 
turing Co., St. Paul, Minn. 


McCiure, O. D., Master Mechanic, 
Cleveland Cliffs Iron Co., Ishpeming. 


McDoxa.Lp, CHARLES BRENNECKE, Elec- 
trical Engineer, Florida East Coast 
Hotel Co., Palm Beach, Fla. 

McDovcar, JoHN HAyYNEs, Assistant 
Professor of Electrical Engineering. 
Ore. Agri. College, Corvallis, Ore. 

McFEpniES, SHERMAN MILLER, Secre- 


tary and Treasurer, J. L. Schureman 
Co., 80 W. Jackson Blvd., Chicago. 
MAHONEY, JOSEPH MICHAEL, Inspector, 
City of Boston Wiré Department; 
res., 21 Bailey St., Boston, Mass. 


MALTMAN, JOHN SCOTT, Superintendent, 
Electric Light Co., Kankakee, Ill. 


MankEL, Hartey R., Electrical In- 
spector, Ohio Inspection Bureau, 520 
Dollar Bank Bldg., Youngstown, Ohio. 

MATHER, RoBERT FENTON, Assist- 
ant Superintendent, Winnipeg Elec- 
tric Street Railway Co., Lac du 
Bonnet, Manitoba. 

MarrHEWs, HuBERT WILLARD, Engi- 
neering Apprentice, Westinghouse 
Electric & Mfg. Co., Great Falls, S. C. 

MEADOWS, GEORGE WILLIAM, Wireman, 
Jamestown Exposition Co.; 
Beach; res., Lambeth Point, Va. 


Pine 
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MERIWETHER, RICHARD, Superintend- 
ent, Louisville and Eastern Railroad, 
511 West Green St.. Louisville, Ky. 

MILLER, WILLIAM NORTON, Assistant 
Electrical Engineer, Detroit River 
Tunnel Co., Detroit, Mich. 

MILTON, TALTAFERRO, Engineer, Elec- 
tric Storage Battery Co., Citizens 
Bank Building, Clevelard. O. 

MINEHARDT, ERNEST HENERY, Opera- 
tor, New Milford, Power Co., Gay- 
lordsville, Conn. 

Moore, Henry DuBots BairEy, Engi- 
neer, Western Electric Co., N. Y. City. 

MORGENSTERN, Orro LESTER, Stu- 


dent, Brooklyn Polytechnic Institute ;: 


res. 77 Sumner Ave., Brooklyn, N. Y. 

MonRELL Harry B, Foreman Meter 
Department, New York. Queens Light 
and Power Co., Brooklvn, N. Y. 

MonsHEAD, LESLIE КовЕкт, Technical 
Representative, British Insulated and 
Hesby Cables Ltd., Prescot, Eng. 

Munroe, WiLL S. Superintendent of 
Wiring. Stone and Webster, 6th ard 
Ohio Sts., Terre Haute, Ind. 

Murty, Harry Enas, Superintendent 
Shamokin Light Heat and Power Co., 
Shamokin, Pa. 

NEIMAN, WILLIAM FRANKLIN, Power 
Sohcitor, San Francisco Gas ага 
Electric Co., Berkeley, Cal. 

NEWBOLD, ROGER MERRICK, Electrical 
Engineer, Adams and Westlake Co., 
110 Ontario St., Chicago, Ill. 

NEWCOMB, ROBERT EVERETT, res. 57 
Fairfield Ave., Holyoke, Mass. 

NIXON, GEORGE, Copartner, Nixon and 
Kimmel, Spokane, Wash. 


NORMAN JOHN ARTHUR, Terre Haute, 


Indianapolis and Eastern Traction 
Co., Terre Haute, Ind. 

NORRIS, | MARVIN L., Draftsman. 
Fort Wavne, Electric Works, 115 


West Taber St.. Fort Wavne, Ind. 
NOWLAN, EDWARD ALONZO ROSSEAU, 
Telephone Engineer. Western Elec- 
tne Co., Chicago, HI. 
OAKRMAN, HenkyY B., Sales Engineer, 
Bullock Electric Co.. 30 Cortlandt St., 
New York Сиу: res. Linden, N. J. 
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O'FAnRgELL, RicHARD. WILLIAM, Clerk, 
Cordoba Electric Light ard Power 
Co., Cordoba, Argentire Republic. 

Оѕсоор, Harry WHITNEY, Assistant 
Electrical Engineer, Stone and Wet- 
ster, 84 State St., Boston, Mass. 

Parsons, Рнилр Dorcas, Telephore 
Engineer, Western Electric Co., 463 
West St., New York City. 

Pease, Lewis Apams, Designing Engi- 
“neer, Chicago and Milwaukee Electric 
Railroad Co.; res. Highwocd, 1ll. 

PERRY, LUTHER PACKARD, Superin- 
terdent, Fries Mfg. ard Power Co., 
Winston-Salem; res. Clemmons, N. C. 

PINCKNEY, THEOPHILUS, Chief Engineer 
Asheville Electric Co.; res. 1694 
Patton Ave., Asheville, N. C. 

PLUMLEY, Hanmorp, Assistant to Dis- 
trict Sales Manager, Fort Wayne 
Electric Works, Chicago, ПІ. 

Рорк, ARTHUR EpwaRp, Assistant, 
Engincering Department, J. G. White 
ard Co., New York Cit v. 

PorrER, ARVIN Henry, Chief Installer, 
Tri-State Telephone ard Telegraph 
Co., Minneapolis, Minn. 

Press, ABRAHAM, Electrical Engineer, 
Bureau of Yards and Docks Navy 
Department, Washington, D. C. 

PRUESSMAN, Отто, Telephore Engineer. 
Westem Electric Co., res. 1484 Roscoe 
St.. Chicago, Ill. 

Purse, WALTER BnmawNcH, Superin- 
tendent Distribution, Savannah Elec- 
tric Co., Savannah. Ga. 

RAMSEY, ALLAN, Union Electric Light 
and Power Co., 10th ard St. Charles 
St., St. Louis, Mo. 

RankKIN, Ковевт, Electrical Engineer, 


Sao Paulo Tramway Light and 
Power Co., Sao Paulo, Brazil. 
RaNNEY, EARL EUGENE, Electrician 


By-products Coke Co., S. Chicago, Ill. 

RANNEY, AMBROSE ELLioTT, Engineer, 
Elmore Automobile Co., 1851 Broad- 
way, New York City. 

RAPELJE, CHARLES VANDERVEER, Su- 
perinterdent, Traction Equipment 
Co., 72 Grard Ave., Brooklyn, N. Y. 

RapeELJE, P. DirMaRs, Engineer of 
Services, New York Edison Co., 
New York City. 
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REDSHAW, WILLIAM ARTHUR, Electrical 
Engineer, Public Service Corporation 
of N. J.; res. New Brunswick, N. J. 

REYNDERS, ARTHUR BERNARD, General 
Engineer Insulation Work, Westing- 
house Elec. and Mfg. Co., Pittsburg. 

RICHARDSON, CHARLES DANA, Assistant 
in Electrical Engineering, Mass. 
Institute of Technology, Boston, Mass. 

RICKENBACHER, ALBERT  DowMwINICK, 
Electrician, J. G. White and Co.; res. 
1213 G. St. N. W., Washington, D. C. 

ROBERTS, OSWALD MORTIMER, Superin- 
tendent, Orangeburg Electric Light 
and Water Plant, Orangeburg, S. C. 

Ковектѕ, WILLIAM, Superintendent Mo- 
tive Power, Northern Ohio Traction 
and Light Co., Akron, Ohio. 

RoBiNsoN, JAY ALEXANDER, General 
Electric Co., Pittsfield, Mass. 

RoBINSON, Percy GILMOUR, Tri-State 
Telephone and Telegraph Co., St. 
Paul, Minn. 

Rooney, Joun JosEPH, Vice President 
and General Manager, Rooney Elec- 
tric Lamp Co., 155 East 23rd St., 
New York City; res. Scarsdale, N. Y. 

RorH, Корогғо, Engineer, traveler, 
Victor M. Broschi; res. Cadena St. 
No. 2, Mexico City, Mex. 

RUSSELL, LEONARD Pomeroy, Student, 
Massachusetts Institute of Technol- 
ogy, Boston, Mass. 

SADLER, DEHopeE, Operator, Southern 
Power Co., Great Falls, S. C. 

SAGER, LAWRENCE KINGSLEY, Patent 
Lawyer and Electrical Expert, 220 
Broadway, New York City. 

SAKAI, YASUDIRO, Engincering Depart- 
ment, Westinghouse Electric and Mfg. 
Co., Pittsburg, Pa. 

SAWYER, WILLIAM MCcCRILLIS, Electri- 
cal Engineer, Bodwell Water Power 
Co., Bangor, Maine. 

SAYER, EUGENE Үоомс, Vice President, 
and General Manager, Improved 
Equipment Co., New York City. 

SCHAEFER, EDWARD FRANKLIN, Poto 
Mines Corporation Rinconada Mining 
Co., New York City. 

SCHROEDER, FREDERICK ALBERT, Su- 
perintendent Roll Department, Cam- 
bria Steel Co., Johnstown, Pa. 
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SCHUERMANN, JuLius, Manager, Star 
Electric Fuse Works, Wilkes-Barre. 
SEAVER, WALTER HIBBARD, Assistant 
Sales Agent, American Steel and 
Wire Co., San Francisco, Cal. 
SEIXAS, THEODORE GRISWOLD, Manager, 
American Instrument Co., Singer 
Building, New York City. 
SHEPHERD, GEORGE ELwoop, Shepherd 
and Rust, Wilkes-Barre, Pa. 
SHOVER, BAnroN Roy, Electrical Engi- 
neer, Indiana Steel Co., Gary Ird. 
SIBBALD, JoHN, Mechanical Engineer, 
Fonda, Johnstown ard Gloversville 
Railroad Co., Gloversville, N. Y. 
SILVER, ARTHUR ELMER, Chief Electri- 
cian, Raleigh Electric Co., Raleigh, 
N. C. | 
SILVERMAN, MORTIMER, Electrical En- 
gineer, Western New York ard Penn- 
sylvania Traction Co., Olean, N. Y. 
Simpson, Frank N., Superintendent 
Electric Power, General Electric Co., 
Minneapolis, Minn. 


SKIFF, WARNER M., In charge Technical 
Publicity, National Electric Lamp 
Association, Cleveland, Ohio. 

SLOAN, MaTTHEW Scott, Birmingham 
Railway Light and Power Co., Bir- 
mingham, Ala. 

SMEATON, JAMES HuGH, Superintendent 
Generating Station, Winnipeg, Elec- 
tric Railway Co., Lac du Bonnet. 

SMITH, Ernest FRANK, Superintendent, 
of Sub-stations, Chicago Edison Co., 
139 Adams St., Chicago, Ill. 

SMITH, GEORGE WALLACE, Tutor, Elec- 
trical Engineering University of Texas 
res. 1908 Whitis Ave., Austin, Texas. 

SMITH, HENRY GILBERT, Demonstrator, 
School of Practical Science; res. 322 
Logan Ave., Toronto, Ont. 

SMITH, JAMES MACDONALD, Electrical 
Engineer, Crocker- Whceler Co.. Am- 
pere, N. J. 

Soans, CYRIL ARTHUR, Electrical Engi- 
neer, Bell Selector Telephone Co., 
1703 Melrose St., Chicago, 1. 


.SrACK, Joun, Chief Operator, North- 


western Elevated Railroad Co.; res. 
616 West 19th St., Chicago, Ill. 
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STEEN, Harry ANDREW, Designer of 
Electrical Apparatus, Westinghouse 
Electric and Mfg. Co., Pittsburgh. 

STEINER, Henry Louis, Battery Engi- 
neer, Cleveland Electric Railwav Co., 
Cleveland, Ohio. 

STEVENS, HENRY Raynor. Electrical 
Engineer, Archibald S. Downey, 624 
Bailey Building, Seattle, Wash. 

STILLMAN, Harry Noyes, Instructor 
Electrical Engineering Spring Garden 
Institute, Philadelphia, Pa. 

STOWE, FRANK RABINEAU, Operator, 
Power Transit and Light Co., Bakers- 
field, Cal. 

STURGESS,FREDERICK MEYNELL,Student 
Armour Institute, Chicago, Ill. 

SwEENY, JOHN Epwarp, Chief Clerk, 
Department of Electricity, James- 
town Exposition Co., Pine Beach, Va. 

TaYLor, CHARLES Henry, Assistant 
Engineer, Marconi Wireless Tele- 
graph Co., South Wellflcet, Mass. 

THORNTON, GEORGE CRosMaN, Electri- 
cal Engineer, Thornton Co., Birming- 
ham, Ala. ' 

THROCKMORTON, С. Gross, Assistant 
Construction Engineer, Nebraska Tel- 
ephone Co., Omaha, Neb. 

TINGLEY, JOHN BARNES, Salesman, Gen- 
eral Electric Co., Madison, Wis. 

Томам, W. H. , Director American 
Museum of Safetv Devices; res., 287 
Fourth Ave., New York City. 

TRISTAN, RAFAEL MANUEL, Student, 
Pratt Institute; res., 217 Greene Ave., 
Brooklyn, N. Y. 

TUCKER, FRANK STEVENSON, Engineer 
and Salesman, Westinghouse Electric 
and Mfg. Co., Charlotte, N. С. 


VaNRIPER, WirriaAM R., Foreman of 
Sub-station, N. Y. C and H. R. R.R. 
198th St. and Webster Ave.. Bronx, 
N. Y. 

VAWTER, CHARLES Erastus, JR., Pro- 
fessor of Physics, Virginia Polvtechnic 
Institute, Blacksburg, Va. 

WALDRON, Louis D., Salesman, Allis- 
Chalmers Co., Buffalo, N. Y. 

WALKER, LESTER WARREN, North 
Platte Electric Light and Power Со., 
North Platte, Neb. 
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WALL, WiLLIAM Guy, Chief Engineer, 


National Motor and Vehicle Co., 
Indianapolis, Ind. 
WARDER, JOHN HAINES, Secretary, 


Western Society of Engineers, 1767 
Monadnock Building, Chicago, Ill. 
WATROUS, CLEVELAND ELMER, Man- 
ager New York Office, Cutler Hammer 
Mfg. Co., 136 Liberty St., New York. 

Watts, CLARENCE Everett, Electrical 
Engineer, Berwind-White Coal Min- 
ing Co., Windber, Pa. 

WEBSTER, JOHN ENnocu, General Man- 
ager, Westinghouse Electric and Mfg 
Co.; res., 7927 Tacoma St., Pittsburg, 

WEED, JAMES Murray, Westinghouse 
Electric and Mfg. Co., Pittsburg, Pa. 

WESSELHOEFT, ROBERT, Electrical Eng- 
ineer, Fearon, Daniel and Co., Shan- 
ghai, China. 

WeEsTBURY, PAUL AUGUSTUS, Secretary 
and Electrical Engineer, F. B. Badt 
and Co., Chicago Ill. 

WIEGAND, Henry J., Superintendent, 
Cutler Hammer Mfg. Co.; res., 660 
17th St., Milwaukee, Wis. 

WiLLis, GEORGE MARPOLE, Consulting 
Electrical Engineer, 1504 Monadnock 
Block; res., 52 Walton Place, Chicago. 

WINTERS, Epbwamgp E., Contracting 
and Consulting Engineer, 18 Broad- 
way New York City. 

WITHINGTON, BERNARD, Draftsman, 
Lancashire Dynamos and Motor Co. 
Ltd.; Manchester, England. 

Woop, GEORGE THoMas, Foreman, 
British Thomson Houston Co.; res., 
36 Bath St., Rugby, England. 

Wooparp, D. Сакі, Switchboard Oper- 
ator General Electric Co.; res, 13 
Eagle St. Schenectady, №. Y. 

WoopBuRY, STEPHEN Epwarp, Engi- 
neer, Simplex Electric Heating Co., 
Cambridge, Mass. 

WOODHEAD, LAWRENCE Furniss, Elec- 
trician, American Lumber Co., Alber- 
querque, N. M. 

WoopbwELL, JULIAN ЕЁвхеѕт, Inspector 
of Electric Lighting Plants, U. 5. 
Treasury Department, Washington. 

WOoOoLFENDEN, JOHN ЈоѕЕРН, Drafts- 
man, Brush and Allen, 1331 Penob- 
scot Building, Detroit, Mich. 
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YATES, GEkonRGE Livincston, Traffic 
Chief, New York Telephone Co., Mt. 
Vernon, N. Y. 

YEAGER, WILLIAM FRANKLIN, Dodge 
and Day, Drexel Building, Philadel- 
phia, Chester, Pa. 

YocuuM, Lovis GEorGE, Foreman, 
Western Electric Co., New York City. 

ZENGERLE, JOSEPH CHARLES, Student, 
Polytechnic Institute of Brooklyn; 
es., 164 Suydam St., Brooklyn, N. Y. 

ZIMMERMAN, Harry BENJAMIN, Sales 
Engineer, Niagara and Lockport Ont- 
ario Power Co., Buffalo, N. Y. 

ZIMMERMAN, JOSEPH, Electrical Me- 
chanist, Westinghouse Electric and 
Mfg. Co., Newark, N. J. 


Applications for Election 


Applications have been received by 
the Secretary from the following can- 
didates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors 
at a future meeting. 

Any Member or Asscciate objecting 
to the election of any of these candi- 
dates should so inform the Secretary 
before July 26, 1907. 


6509 
6510 
6511 F. 
6512 C. 
6513 J. 
6514 J. 
F 
E 
L 


O. C. Rauschenberg, Atlanta, Ga. 
W.C. Thayer, East Aurora, №. Y. 
D. Hall, Somerville, Mass. 
G. Sakuma, Tokyo, Japan. 
LeC. Davis, Pittsburgh, Pa. 
D. Noyes, Philadelphia, Pa. 
. T. Kitt, Sacramento, Cal. 
6516 E. M. Rhett, Savannah, Ga. 
6517 L. T. Rainey, Cincinnati, O. 
6518 A. M. Adolph, Mexico, D. F., Mex. 
6519 W. F. Graham, Merriam, Kansas. 
6520 A. L. Millard, Chicago, Ill. 


6515 


6521 J. D. Shaw, Pittsburgh, Pa. 

6522 H. M. Van Demark, Bklyn, N. Y. 
6523 J. J. Wesley, Brooklyn, N.Y. 
6524 W. E. Wickenden, Madison, Wis. 
6525 L. C. Crabbs, Toledo, O. 

6526 Burch Foraker, N. Y. City. 

Pin F. H. Frochlich, Toledo, Ohio. 


6528 A. S. Loizeaux, Schenectady, N. Y 
6529 M. C. Lloyd, Toledo, O. 
6530 K. E. Sommer, Baltimore, Md. 
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6531 P. S. Biegler, Iowa City, Ia. 
6532 R. E. Maynihan, Manchester, Eng. 
6533 I. C. Pettie, Ithaca, N. Y. 

6534 R. К. Grant, Norfolk, Va. 

6535 Н. R. Summerha yes, Schenectady. 
6536 L. F. Leurey, New Orleans, La. 
6537 G. H. Calkins, Buffalo, N. Y. 
6538 W.L. Emery, Salt Lake City, Utah. 
6539 A. A. Hutchinson, Wash., D. C. 
6540 W. A. Hutton, Erie, Pa. 

6541 E. W. Stull, Norwood, O. 


6542 
6543 
6544 
6545 


A. J. Jones, Niagara, Falls, N. Y. 
Svend Barfoed, Seattle, Wash. 
V. E. Goodwin, Schenectady, N.Y. 
Е. Е. Small, Lcs Angeles, Cal. 
6546 John T. Tipladv, Pittsburgh, Pa. 
6547 A. L. Adams, Malden, Mass. 
6548 C. S. Clifford, Buffalo, N. Y. 
6549 F. S. Mills, San Francisco, Cal. 
6550 J. P. Satterlee, Gales Ferry, Conn. 
6551 Arthur Elken, Mexico, D. F., Mex. 
6552 P. W. Sothman, Toronto, Ontario. 
6553 G. E. A. Fairlev, St. George, Md. 
6554 F.H.C. Whiteway, St. Johns, №. Е. 
6555 W. H. Floyd, Provo, Utah. 
6556 A. S. Peters, Salt Lake City, Utah. 
6557 W. R. McGeachim, Manila, P. I. 
6558 A. Westman, Schenectady, N. Y. 
6559 A. C. Harrington, Albicn, N. Y. 
6560 H. F. Way, Dunedin, N. Z. 
Total, 52. 


Engineers' Building 

The board of trustees of the United 
Engineering Society has placed tke 
management of the building in tke 
hands of a house committee, com- 
posed of Joseph Struthers, assistant 
secretary, American Institute of Mining 
Engineers, chairman; Ralph W. Pope, 
secretary, American Institute of Elec- 
trical Engineers, and Calvin W. Rice, 
secretary, American Scciety of Me- 
chanical Engineers. This committee 
meets weekly, and through superin- 
tendent Lambden all matters of im- 
portance concerning the administration 
of the building are brought to its at- 
tention for decision. During tke active 
season all members of this committee 
are on the premises, and tke ad- 
vantages of this direct representation 
of the owners are already apparent. 
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Personal 
Mr. Косев MasoN, electrical engineer 
is now with the Bond Electric Company, 
of San Francisco, Cal. 


Mr. C. E. CHATFIELD, of Cornell 
University, will be with the Robertson 
Electric Company of Buffalo, N. Y., 
during the summer months. 


Mr. A. S. FAIRBANKS, is now with 
the firm of Hering and Fuller, consult- 
ing engineers, 170 Broadway, New 
York City, in charge of construction of 
sewage disposal plants. 


Mr. Howanp Е. SMITH, formerly me- 
chanical engineer for the Louisiana 
Purchase Exposition, has entered the 
consulting engineering field, with offices 
at 1105 Times Building, St. Louis, Mo. 


Mr. Е. Gancu has left the switch- 
board department of the General Elec- 
tric Company at Schenectady, to accept 
a position in the Birmingham office of 
Ford, Bacon, and Davis, Birmingham, 
Alabama. 


Mr. Н. S. Wirsow, recently with the 
Submarine Signal Company of Boston, 
Mass., has taken up his old line of work 
as commercial engineer for the New 
England Engineering Company of Wat- 
erbury, Conn. 


Mn. E. H. SEAMAN, formerly with 
the Fries Manufacturing and Power 
Company of Winston-Salem, N. C., is 
now electrical engineer for Blackall 
and Baldwin Company, of 41 Cortlandt 
street, New York City. 


Mr. F. C. WEBER, formerly super- 
intendent of construction. for the 
Western Electric Company at Omaha, 
Nebraska, has accepted a position in the 
engineering department of the Chicago 
Telephone Company. 


Mr. H. W. PRoTZELLER is at present 
engaged in single-phase railway installa- 
tion for the General Electric Company, 
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on the lines of the Milwaukee Electric 
Railway and Light Company, at Mil- 
waukee, Wisconsin. 


Mr. J. О. Tay tor, formerly with the 
mechanical division of the Isthmian 
Canal Commission, has been promoted 
to assistant engineer in the Colon 
construction division, with headquarters 
at Gatem, Canal Zone. 


Mr. С. Roscoe MILFoRD has been 
transferred from Redding, Cal, as 
chief of construction, to Fern, Cal., as 
superintendent oï power houses, lines, 
and sub-stations for the Northern 
California Power Company. 


Mr. J. ALLAN SmitH, for the past 
eight years manager of the Boston office 
of the Fort Wayne Electric Company, 
has taken a position with the General 
Electric Company, to divide his time 
between New York and Schenectady. 


Mr. Georce Н. Usuer, formerly 
superintendent of the Postal Tele- 
graph-Cable Company of New York, has 
been appointed general superintendent 
of the southern division of that company 
with headquarters at Atlanta, Ga. 


Mr. E. W. DEAN, formerly at South 
Ealing, London, has received an ap- 
pointment with the Buenos Avres and 
Rosano Railway Company of the 
Argentine Republic, S. A., and will go 
to that country in a few months. 


Mr. Lupwic HowMEL, of Ludwig 
Hommel and Company, has removed 
his offices to the Renshaw building, 
Pittsburg, Pa. Mr. Hommel represents 
in the Pittsburg territory a number of 
prominent manufacturers of electrical 
apparatus. 


Mr. Rex T. Srarrorp has resigned 
his position as assistant electrical 
construction engineer at the West 
Seneca plant of the Lackawanna Steel 
Company, to become district engineer 
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at tke Buffalo sales office of the Allis- 
Chalmers Company. 


MR. F. M. WALKER has left the posi- 
tion of engineer in the contracting de- 
partment of the Allis-Chalmers Com- 
pany, to accept that of manager of 
R. E. Briggs and Company, Incorpor- 


ated, consulting and contracting engi- 


neers, Mexico, D. F. 


Mr. Orman B. Humpurey, Associate 
A. I. E. E, and also Member A.S.M. E 
has removed his offices to the Sterns 
Building, 202 Exchange Street, Bangor, 
Maine, where, as consulting engineer, 
he will devote his time to hydrcelectric 
developments and general engineering. 


Mr. W. H. Acker, formerly con- 
nected with the Connellsville Pa. office 
of West Penn. Railways Company, is 
now located at Chorlerai. Pa., being in 
charge of the same company’s sub-sta- 
tions and high-tension transmission 
hnes, in the Monongahela River district. 


MR. Witrrip J. B. Drew, who, since 
June, 1906, has been in charge of the 
data section of the engineering depart- 
ment of the Canadian General Electric 
Company at Toronto, has become assist- 
ant secretary and treasurer of the Ca- 
nadian Societv of Civil Engineers at 
Montreal. 


Mr. ARTHUR B. Bonp has been trans- 
ferred from the sales department of 
the Niagara, Lockport, and Ontario 
Power Company, to the power depart- 
ment of tbe Syracuse Lighting Com- 
pany. which has just been taken over 
by the United Gas Improvement Com- 
ranv of Philadelphia. 

MR. E. D. Ермомѕтом, chief engineer 
«f the American Construction Company, 
has recently completed the large com- 
mercial power and lighting system of 
the new Consumers Electric Company 
of New Orleans, La., and last month 
took charge of the industrial depart- 
ment of W. S. Barstow and Company. 
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Mr. C. W. KoiNER, who has been 
occupying the dual position of secre- 
tary-treasurer and engineer of the 
National Light and Improvement Com- 
pany of St. Louis, has accepted the 
position of general superintendent and 
engineer of the Los Angeles Gas and 
Electric Company, Los Angeles, Cal. 


Мв. E. G. ErLioTT, with the Selby 
Smelting and Lead Companv at So. San 
Francisco, California, has been trans- 
ferred to that company’s plant at Selby, . 
California, to take charge, as construct- 
ing engineer, of the erection of a shot 
tower, to replace the one destroved bv 
the earthquake in San Francisco, April, 
1906. 


Mr. А. S. KaALENBORN has resigned 
his position of assistant electrical engi- 
neer for the California Gas and Electric 
Corporation, to join his former chief 
in that corporation, Mr. F. G. Baum, 
in his new field of work. Mr. Kalenborn 
is in charge of the Seattle office of the 
company, which has already a good 
deal of work on hand in that section. 


Mr. A. E. PoiRIER has resigned the 
superintendency of the repair shop of 
the New Jersey division of the New York 
and New Jersey Telephone Company at 
Newark. and expects to engage in an 
entirely different line of business next 
fall. Mr. Poirier was with the Western 
Electric Company in New York from 
1889 to 1890, when he entered the 
telephone service. 


MR. Kare B. Kumpe, locating engi- 
neer, Chicago, Milwaukee, and St. Paul 
Railway, is now on the Olympic 
peninsula, with headquarters at Ho- 
quiam, Washington. The Northern 
Pacific, Union Pacific, and Chicago, 
Milwaukee, and St. Paul railwavs, are 
engaged in a triangular race to reach 
first the timber section north of 
Gray’s Harbor. This is said to be the 
largest body of standing timber in the 
world. 
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Mr. A. S. НАТСН, municipal electrical 
engineer, has removed from Detroit, 
Mich., to Cincinnati, O., his present 
address being 6012 Clason Ave., Madi- 
sonville, O. During the past winter, 
besides his municipal work, he has 
equipped several large factories in 
Toledo, O., with electric power service, in 
which both synchronous converters with 
direct-current motors, and induction 
motors were used as required for the 
proper regulation of the distribution. 


- 


Мк. J. R. SrvRRIES has resigned his 
position in the engineering department 
of the Westinghouse Electric and Manu- 
facturing Company, to become super- 
intendent of the Fibre Conduit Companv 
Orangeburg, N. Y. Mr. Spurries has 
spent nine years with the Westinghouse 
interests, one half of this time with 
tke British Westinghouse company as 
chief draftsman and assistant superin- 
tendent. He returned from Manchester 
last November, and entered upon his 
new duties June 21. 


Мк. T. E. Dantecs. of Logan, Utah, 
who installed, and for the past four 
vears has operated the Logan Citv 
Municipal electric plant as 115 super- 
intendent and electrical engineer, has 
resigned, to take a similar position with 
the High Creek Electric Light and 
Power Company, with headquarters 
at Richmond, Utah. for which company 
he acted as consulting electrical engi- 
neer during the construction of the 
plant which furnishes light and power 
for Preston, and Franklin, Idaho, and 
for Lewiston, Trenton, Richmond, and 
Smithfield, Utah. 


Mr. W. J. Ricnanps, who, for the last 
eighteen months has been in tke elec- 
trical engineering department of the 
Alhs-Chaliers Company, at Cincinnati, 
asscciated with Mr. B. A. Behrend. is 
now chief engineer for the National 
Brake and Electrical Company. Pre- 
viously, wrile assistant engineer for the 
National Electric Company, and the 
Christensen. Engircerir g Company, pre- 
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decessors of the National Brake and 
Electric Company, Mr. Rickards de- 
signed their main lines of direct-current 
apparatus, including motor-compressors 
and automatic governors for air-brake 


purposes. 


Books Received. 

The following volumes have been re- 
ceived from the McGraw Publishing 
Company and placed in the Library of 
the Institute: 

BERLIN-ZossEN ELECTRIC RAILWAY 
Tests oF 1903. The first complete 
translation of the Official Report 
of the test runs made in Germany 
late in 1903; with an introduction 
discussing the general subject of 
Train Resistance by Louis Bell, 
Ph.B. 74 pages of text, with 18 
illustrations and 38 full-page dia- 
grams, curves and plates. Quarto. 
New York, McGraw Publishing 
Company. Price, $3 net. 

Introduction. Preparatory Work: 
Construction of the New Road. Changes 
in the Overhead Lines. Electrical Equip- 
ment of the Cars. Reconstruction of 
the High-Speed Cars. Measuring In- 
struments. Signal Apparatus. Results 
of the Test Runs: Braking and Starting 
Period. Air and Train Resistance. 
Power Consumption. Behavior of the 
Car During Service. Behavior cf the 
New Roadbed During the Tests. Final 
Remarks. Appendix. High-Speed 
Electric Railway, Berlin, Hamburg. 


ALTERNATING ELECTRIC CURRENTS. By 
Edwin J. Houston and A. E. Ken- 


nelly. Fourth edition. 359 pages, 
115 illustrations. New York, 
McGraw Publishing Co. Price, 
$1 net. 


Chapter I.—Introductory. II.—Al- 
ternating Electromotive Force and Cur- 
rent. III.—Uripolar Alterrators. IV. 
— Power.  V.—Trarsformers. VI.— 
Electric Lamps. VII.—Electric Mo- 
tors. VIII.—Polvphase Currents. IX. 
— Polyphase Motors. X.—Recent Pro- 
gress in Alterrators. XI.—Some Re- 
cent Developments in Transformers. 
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XII.—Phase Transformation. XIII.— 
Alternating Current Transmission Lines. 
XIV.—Synchronous Multiphase Motors. 
X V.—Converters. XVI.—Induction 
Motors. XVII.—Turbine Alternators. 
XVIII.—Alternating Current Traction 
Motors.  XIX.—Alternating Current 
Switches and Switchboard Services. 
XX.—Constant Current Transformers. 


THe Evectric Motor. By Edwin J. 
Houston and A. E. Kennelly. 377 
pages, 122 illustrations. New York, 


McGraw Publishing Co. Price, 
$1 net. 
Chapter J.—Introductory. II.— 


Sources of Energy. III.—Elementary 
Electrical Principles. IV.—Early His- 
tory of the Electromagnetic Motor. V. 
—Elementary Theory of the Motor. 
VI.—Structure and Classification of 
Motors. VII.—Installation and Opera- 
tion of Motors. VIII.—Electric Trans- 
mission of Power. IX.—-Alternating- 
Current Motors. X.—Rotating Mag- 
netic Fields. XI.—Alternating-Current 
Transmission. XII.—Miscellaneous Ap- 
plications of Electric Motors. 


STRAY CURRENTS FROM ELECTRIC RAIL- 
WAYS. By Dr. Carl Michalke. 
Translated and edited by Otis 
Allen Kenyon. Cloth, 100 pages. 
34 illustrations. New York, Mc- 
Graw Publishing Co. Price, $1.50 
net. 

This book covers the field of leakage 
currents very thoroughly and appeals 
to railway engineers, waterworks men, 
telephone and telegraph engineers and 
all interested in knowing to what ex- 
tent these currents are liable to create 
disturbance and damage, and how such 
evils can be prevented. Since electro- 
lvsis 1s a trouble peculiar largely to 
America the book, which is alone in its 
held, is very valuable. The translator 
has added a bibliography on the sub- 
ject from 1895 to 1906 in English and 
foreign languages. 

CoNTENTS.—Chapter I.—Introdue- 
tion. II.—Stray currents with Uniform 
Current Load on the Rails.  IIIL— 
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Stray Currents with Uniformly Increas- 
ing Current Load on the Rails. IV.— 
Resistance Values. V.—Distribution of 
Potential inthe Earth. VI.—Corrosion 
Currents. VII.—Corrosion Currents 
which do not come from Railways. 
VIII.—Corrosion. IX.—Measurements. 
X.—Preventive Measures. XI.—Other 
Disturbances Caused by Stray Cur- 
rents. XII.—Conclusions. Bibliography. 


WIRELESS TELEGRAPHY. A book em- 
bodying a short history of Wireless 
Telegraphy, its theory, experi- 
ments and results attained. By 


A. Frederick Collins. 300 pages 
and 332 illustrations. New York, 
McGraw Publishing Co. Price, $3 


net. 

Chapter I.—Ether. II.—Wave Mo- 
tion. III.—Electric Waves. IV.—Elec- 
tric Oscillations. V.—Disruptive Dis- 
charge. VI.—Inductance. Capacity and 
Resistance. VII.—Oscillators. VIII.— 
Induction. IX.—Induction Coils. X.— 
Vibrators. XI.—Oscillating Current 
Generators. XII.—Electric Wave Ac- 
tion. XIII.—Electric Wave Detectors: 
XIV.—Transmitters. XV.— Receivers. 
XVI.—Auxiliary Apparatus. XVII.— 
Aerial Wires and Earths.  XVIII.— 
Resonance. XIX.—Syntonization. XX 
— Wireless Telephony. 


Tue ELECTRIC TELEPHONE. A descrip- 
tion of the construction and mech- 
anism of the Electric Telephone. 

Ву Edwin J. Houston and A. E. 

Kennelly. Second edition. 454 
pages, 151 illustrations. New York, 
McGraw Publishing Co. Price, $1 
net. 

Chapter I.—Introductory. 
mentary Acoustic Principles.  III.— 
Elementary Electrical Principles. IV. 
—The Telephone Receiver. V.—The 
Microphone Transmitter. VI.—The In- 
duction Coil. VII.—Call Bells and Bat- 


II.—Ele- 


teries. VIII.—Single-Circuit Connec- 
tions. IX.—Multiple-Circuit Connec- 
tions.  X.—Isolated Station Switch- 
boards. XI.—Multiple Switchboards. 


XIl.—Telephonic Circuits. ХПІ.— 
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Long-Distance Telephony. XIV.—Ra- 
diophony and Miscellaneous Applica- 
tions of Electricity. XV.—Common 
Battery Systems. XVI.—Visual Sig- 
nals. XVII.—Loaded Telephone Cir- 
cuits. 


REPORT OF THE ELECTRIC RAILWAY 
TrEsT COMMISSION TO THE PRESI- 
DENT OF THE LOUISIANA PURCHASE 
Exposition. Members of the Com- 
mission: J. G. White, Chairman; 
Geo. F. McCulloch, H. H. Vree- 
land, James H. McGraw, W. J. 
Wilgus. Report edited by Prof. 
H. H. Norris, Cornell University, 
and Bernard V. Swenson, Secre- 
tarv of the American Street and 
Interurban Railway Association. 
Cloth, 621 pages, 4 folding plates. 
200 illustrations. 102 tables. New 
York, McGraw Publishing Co. 
Price, $6 net. 

There were sixty-one tests made, most 
of them at the Louisiana Purchase Ex- 
position, and these cover every depart- 
ment of railway work. This book makes 
an excellent manual on Railway Work. 

CoNnTENTS.—Introduction. Chapter 
|. --Service Tests of Electric Cars. II. 

Service Tests of Single-Truck City 
Саг. IIIL.-— Service Tests of а Double- 
Truck City Car. IV.— Service Tests of 
an Interurban Car. V.—Acceleration 
Tests of a Single-Truck City Car. VI.— 
Acceleration Tests of ап Interurban 
Саг. VII.--Compressor Station Tests 
of a Storage Air System of Braking. 
VIII.—Braking Tests on а Double- 
Truck City Car Equipped with Air 
Brakes. IX.—Braking Tests on an 
Interurban Car Equipped with Air 
Brakes. X.—-Braking Tests on a Single- 
Truck Citv Car Equipped with Mag- 
netic Brakes. XI.— Tests of a Storage 
Batterv Industrial Locomotive. XII.— 
Alternating Current Losses in Steel 
Rails and in Other Steel and Iron Sec- 
tions. XIIlI.—Alternating Current 
Losses in Track. XIV.—Train Resist- 
ance Tests of Interurban Cars. XV.— 
The Test Car " Louisiana." XNVI.—dAir 
Resistance Tests. Appendix.—A. Gen- 
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ral Data Relating to Electric Cars. 


B. Acknowledgments. 


ELECTRIC RAILWAYS. A seri. s of papers 
and discussions presented at the 
International Eijectrical. Congress 
in St. Louis, 1904. Cloth, 447 pages, 
illustrated. New York, McGraw 
Publishing Co. Price, $3 net. 

CoNurENTS.— The History of the De- 
velopment of Electric Railways, Frank 
J. Sprague. 

Some Early Work in Polyphase and 
Single-Phase Electric Traction, B. J. 
Arnold. 

Electric Traction оп British 
ways, Philip Dawson. 

The Monorail Railway, F. B. Behr. 

The Electrification of Steam Rail- 
roads, B. J. Arnold. 

Alternating vs. Direct-Current Trac- 
tion, Dr. F. Niethammer. 

Notes on Equipment of the Wilkes- 
barre & Hazleton Railway, Lewis B. 
Stillwell. 

Transmission and Distributing Prob- 
lems Peculiar to the Single-Phase Rail- 
way, Paul M. Lincoln. 

Protection and Control of Large High- 
Tension Alternating-Current Distribu- 
tion Svstems, G. N. Eastman. 

Rotary Converters and Motor-Gener- 
ator Sets, William C. L. Elgin. 

The Booster Machine in Traction 
Service and Its Proper Regulation, Dr. 
Gustav Rasch. 

Storage Batteries in Electric Railway 
Service, Justus B. Entz. 

Electrolysis of Underground 
ductors, Prof. G. F. Sever. 

Braking High-Speed Trains, R. А. 
Parke. 

Alternating-Current 
Steinmetz. 

Single-Phase Motors, Max Den. 

Alternating-Current, Machines with 
Gramme Commutators, Manus Latour. 

Single-Phase Railway Motors, Fried- 
rich Eichberg. 

Theory and Operation of the Repul- 
sion Motor, O. S. Bragstadt. 

Theory of the Compensated Repul- 
sion Motor, Ernst Danielson 


Rail- 


Con- 


Motors, C. P. 
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SYNCHRONOUS AND OTHER MULTIPLE 
TELEGRAPHS. Some methods of 
obtaining independent telegraph 
Circuits on a single wire with and 
without synchronism. By Albert 
Cushing Crehore, Ph.D.. Asso- 
c ate of the American Institute of 
Electrical Engineers, and author 
of “Alternating Currents” (with Е. 


Bedell). Cloth, 124 pages, 42 illus- 
trations. New York, McGraw Pub- 
lishing Co. Price, $2 net. 


CoxNTENTS.—Part I.—Methods of Ob- 
taining Independent Telegraph Circuits 
by the Use of Direct and Alternating 
Currents on the Same Wire. Introduc- 
tion. Chapter 1.—Receiving Apparatus 
in the Duplex-diplex System  II.— 
Transmitting Apparatus in the Duplex- 
diplex System. III.—Applications of 
the Duplex-diplex System. IV.—AI- 
ternating and Dircct Current Quadru- 
plex. V.—Low Frequency Duplex- 
diplex. 

Part II.—Methods of Obtaining Syn- 
chronism at Distant Points. Introduc- 
tion. Chapter VI.—The Operation of 
Synchronous Motors on Wires which 
are used for no Other Purpose. VII.— 
The Operation of Synchronous Motors 
on Wires which are also used for T.le- 
graphs. 

Part III.—Svnchronous Telegraphs. 
Introduction. Chapter VIII.—Measure- 
ments in Synchronous Telegraph Cir- 
cuts. IX.—Explanation of the Meas- 
urements. X.— Different Conditions of 
Instruments and Line Leakage. XI.— 
Working in Opposite Directions on the 
Same Line. XII.— Morse Circuits: Gen- 
eral Consideration and Particular Sys- 
tems. Index. 


THE ELECTRIC TELEGRAPH. A simple 
treatment of the methods employed 
in duplex, quadruplex and multi- 
plex telegraphy. By Edwin J. 
Houston and A. E. Kennelly. Sec- 
ond edition. 480 pages, 172 illus- 
trations. New York, McGraw Pub- 
lishing Co. Price, $1 net. 

Chapter I.—Introductory. 
mentary Electrical Principles. 


II.—Ele- 
III.— 
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Elementary Principles of Magnetism. 
IV.—Brief History. V.—The Simple 
Telegraph Circuit. VI.—Batteries and 
Dynamos. VII.—Relays. VIII.—Line 
Construction. IX.—Line Construction. 
X.—Repeaters. XI.—High-Speed Tele- 
graphy. XII.—Duplex Telegraphy. 
XIII.—Quadruplex. XIV.—Multiplex, 
Printing and Fac-simile Telegraphy. 


XV.—Time and Train Telegraphy. 
X VI.—Electric Annunciators and 
Alarms. XVII. — Submarine Tele- 


graphy. XVIII.—Operation and Main- 
tenance of Cables. XIX.—Signaling 
without Wires. 


THE INpvcrioN Motor. A book cover- 
ing the calculation, predetermina- 
tion, design and general theory of 
the induction motor. By B. A. 
Behrend. 105 pages, 56 illustra- 
tions. New York, McGraw Pub- 
lishing Co. Price, $1.50 net. 

Chapter I.—The General Alternating 

Current Transformer. II. A.—The 

Character of the Magnetic Field in the 

Polyphase Motor. II. B.—The For- 

mula for the Three-Phase Motor. III.—- 

The Short-Circuit Current and the Leak- 

age Factor. IV.—The Leakage Factor. 

V.—Design of a Three-Phase Current 


Motor for 200 Horse-power. VI.—The 
Single-Phase Motor. VII.—Calculation 
of a Single-Phase Motor. VIIT.—The 


Polar Diagram of the General Alter- 


nating-Current Transformer Appendix 
I, II. III. 
ELECTRIC AND MacNETIC MEASURE- 


MENTS AND MEASURING INsTRU- 
MENTS. By Frank W. Roller, M.E 
Cloth, 404 pages, 312 illustra- 
tions. New York, McGraw Pub- 
lishing Co. Price, $3.50 net. 
CoNTENTs.—Part  I.—Chapter I. -. 
Definition of Units.  Il.—Laboratorv 
and Commercial Standards of Resist- 
ance, Current, E.M.F. Capacity and In- 
ductance. IlII.—Galvanometers. IV.~- 
Potentiometers. V.—The Measurement 
of Resistance. Vi.—Current. VII.— 
Potentials. VIII.—Power. IX.— Capa- 
city. X.—Inductance. XI.—Miscella- 
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neous Determinations. XII.—The Lo- 
cation of Faults. 

Part II.—Chapter I.—Recording In- 
struments. I1.—Integrating Meters. 
III.—Maximum Demand Meters. 

Part IIL—Chapter I.—Magnetic 
Units. . II.—Measurements of Field 
Strength. III.—Measurement of Per- 
meability. IV.—Hysteresis. Appendix. 


THE WIRING HANDBOOK. With 32 com- 
plete labor-saving tables and digest 
of underwriters’ rules. By Cecil P. 
Poole. 85 pages. Illustrated. Flex- 
ible leather cover, pocket size. 
New York, McGraw Publishing 
Co. Price, $1 net. 


CoNTENTS.— Wiring Terms and Meas- 
urements of Feeders and Mains. De- 
termining Wire Sizes. Three-Wire Cir- 
cuits. Direct-Current Motor Wiring. 
Alternating Current Wiring. Determin- 
ing the Size of the Bus-bar Conductors. 
Circuit Connections. Appendices. I.— 
Digest of the Underwriters’ Rules Ap- 
plying to Inside Wiring. II.—Funda- 
mental Formulas. 


DESIGNS FOR SMALL Dynamos AND Mo- 
Tors. Containing numerous de- 
signs for home construction of 
small dynamos and motors. Ed- 
ited by Cecil P. Poole, from articles 
written for the American Electri- 
cian, many of which were published 
in the book entitled "Electrical De- 
signs," which is now out of print. 
Cloth, 186 pages, 231 illustrations. 
New York, McGraw Publishing Co. 
Price, $2 net. 

Contents. — ].— One-sixth Horse- 
power Motor with Drum Armature. 
II.—One-sixth Horse-power Motor with 
Ring Armature. III. — One-fourth 
Horse-power Motor with Drum Arma- 
ture. IV.—-One-fourth Horse-power 
Motor with Ring Armature. V.—One- 
half Horse-power Motor with Drum 
Armature. VI.—One Horse-power Bi- 
polar Motor, with Drum Armature. 
VII.—One Horse-power Four-polar Mo- 
tor with Drum Armature. VIII.—Two 
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Horse-power Four-polar Motor with 
Two-path Drum Armature. IX.— 
Three Horse-power Motor. X.—Direct- 
Current 110-Volt Fan Motor. XI.— 
Three Horse-power Launch Motor. 
XII.—Multipolar 35-Light Incandes- 
cent Dynamo. XIII.—A 75-Light In- 
candescent Dynamo. XIV.—400-Am- 
pere Electroplating Dynamo. XV.—A 
100-Ampere Electroplating Dynamo. 
XVI.—Self-starting Single-phase In- 
duction Motor of One-half Horse-power. 
X VII.—One Horse-power Self-starting 
Single-phase Induction Motor. XVIII. 
Two Horse-power Self-starting Single- 
phase Induction Motor. XIX.—One 
Kilowatt Combined Alternating and 
Direct-Current Machine. XX.—Two 
Kilowatt Combined Alternating and 
Direct-Current Machine. XXI.—Four 
Kilowatt Combined Alternating and 
Direct-Current Machine. XXII.—Sin- 
gle-Phase Rectifier. 


ELECTRIC POWER TRANSMISSION. А 
complete treatise on the practical 
and commercial side of electric 
power transmission. By Louis Bell, 
Ph.D. Fourth edition, thoroughly 
revised and greatly enlarged. 729 
pages and 341 illustrations, 25 
plates. New York, McGraw Pub- 
lishing Co. Price, $4 net. 


Chapter I.—Elementary Principles. 
II.—General Conditions of Power Trans- 
mission. III.— Power Transmission by 
Continuous Currents. IV.—Some Prop- 
erties of Alternating Currents. V.— 
Power Transmission by Alternating 
Currents. VI.—Alternating Motors. 
VII.—Current Reorganizers. |. VIII.— 
Engines and Boilers. IX.—Water 
Wheels. X.—Hydraulic Development. 
XI.—The Organization of a Power Sta- 


tion. XlII.—Secondary Apparatus. 
XIII—The Line.  XIV.—Line Con- 
struction. X V.-—Distributing Systems. 


XVI.—The Commercial Problem. XVII 
The Measurement of Electrical Energy. 
NX VIII.—Present Tendencies in High- 
voltage Transmission. ! 
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ON THE SUBSTITUTION OF THE ELECTRIC MOTOR FOR 
THE STEAM LOCOMOTIVE. 


BY LEWIS B. STILLWELL AND HENRY ST. CLAIR PUTNAM. 


The purpose of this paper is fourfold: 1, to record certain 
facts relative to heavy electric traction which have been estab- 
lished by experience; 2, to present calculations of relative costs 
of steam and electric traction in railway service based upon these 
facts; 3, to point out the transcendent importance of standard- 
izing electric railway traction equipment as rapidly as may be 
consistent with progress; and 4, to raise the question whether 
a frequency of 25 cycles per second or 15 cycles per second 
should be adopted in railway operation by alternating-current 
motors. 

Few subjects which are to-day engaging the attention of the 
engineering world are comparable either in scientific interest 
or in practical importance to the substitution of the electric 
motor for the steam locomotive engine. Three-phase and 
single-phase alternating-current railway motors are now devel- 
oped to a point where they fairly challenge the steam loco- 
motive, even in long-haul freight service, in which class of work 
the direct-current motor hitherto has found itself unable to 
compete with success. The direct-current. motor has demon- 
strated impressively, and upon a large scale, its superiority to 
the steam locomotive, not only,in operating single cars and 
short tratns on Hnes of moderate length, but also in frequent 
and heavy passenger service in which the length of train is 


limited only by the length of station platform, while the motive | 


power equipment far exceeds in power developed the limits 
hitherto established in steam passenger service. 
On the Valtellina line and through the Simplon tunnel 70-ton 
1 
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electric locomotives with three-phase motor equipment, capable 
of developing a draw-bar pull of 28,000 Ib., have displaced the 
steam locomotive, with results showing both marked improve- 
ment in service and substantial economy in operating costs. 
In the New York Subway, eight-car trains weighing 320 tons 
are in operation, equipped with motors developing during 
acceleration a tractive effort equivalent to a draw-bar pull of 
55,000 Ib. 

The heaviest passenger locomotive used on the Erie system, 
weighs, exclusive of tender, 206,000 lb., of which 55.8%, or 
115,000 Ib., is effective on drivers. Assuming the adhesion to be 
2075, such a locomotive exerts а draw-bar pull of 23,000 Ib. 
The motors of the eight-car electric train of the New York Sub- 
way, therefore, exert a tractive effort equivalent to more than 
twice the draw-bar pull of this locomotive. 

Managers and engineers of railways using steam are consider- 
ing the possibilities of electricity. Naturally, the problem 
usually presents itself in reference to particular cases in which 
special conditions emphasize the advantages of electric trac- 
tion; but a point has been reached in the development of electric 
railway equipment where it is evident that no absolute and 
permanent Jimits beyond which the motor may not go can be 
fixed; and it is not unreasonable to consider the possibilities 
of the electric motor not only in passenger service but also in 
freight service, not only in the operation of railway terminals. 
but also for the operation of railway divisions and even for trunk 
lines. 

At the present time, what is needed is not prophecy but 
tacts, and particularly facts demonstrated by experience. A 
study of the relative advantages of steam and electric traction 
should rest as firmly as possible upon results attained in prac- 
tical operation. Facts thus established and available to date 
are insufficient to justify conclusions which in detail may not 
have to be modified, but it 1s believed that they are adequate 
to permit comparative studies leading to deductions, which, 
as a whole, may be relied upon. 

The answer to the question: '" Will it pay to electrify? " 
involves consideration of both relative earnings and relative 
cost of operation; therefore, before discussing the comparative 
expenses involved, it 1s pertinent to refer briefly, even at the 
risk of repeating what has been said in papers hitherto pre- 
sented by others, to the more important factors which co: 
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operate in securing for electric traction an increase in earning 
| power. 


PASSENGER SERVICE FacToRS CONTRIBUTING TO INCREASED 
EARNING POWER. 


The more important considerations which affect gross earn- 
ings are: 

1. Frequency of service. 
Speed. 
General comfort of passengers. 
Safety. 
Reliability of service. 
Increased capacity of line. 
Frequency of stops. 
Convenient establishment of feeder lines. 
Frequency of Service. The motor-driven, interurban car 
operating upon scores of lines in competition with steam rail- 
way service has convincingly demonstrated its ability, not only 
to attract business from competing steam lines but also to 
create new business. In almost every case where such com- 
petition has been encountered by the steam railway, a large 
part, if not practically all of its local passenger ігаћс has been 
lost. In comparing results attained by the competing systems 
in such cases, it is impossible, of course, to state in terms of 
precision how far frequency of service is responsible for the 
remarkable results observed, since to these results a number 
of other causes also contribute. But without attempting to 
differentiate between these various factors, it is sufficient here 
to say that of the several causes contributing to the marked 
success of lines using electricity, the operation of train units 
or of single cars upon close headway is recognized to be 
especially attractive. | 

The advantages resulting from frequency of service become 
relatively less as the length of run is increased. It is recog- 
nized, however, that the operation of trains under close head- 
way generally increases traffic, even where the haul is of con- 
siderable length, as shown by the experience of the Philadelphia 
& Reading Railroad in operating its fast trains upon one-hour 
headway between New York and Philadelphia. 

2. Speed: The possibilities of operating by electricity at speeds 
exceeding the maximum which can be obtained safely in steam 
operation, owing to the elimination of unbalanced reciprocating 
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parts of the locomotive,is well-known. ` It was strikingly illus- 
trated in the Berlin-Zossen trials by the attainment of a speed 
exceeding 130 miles an hour. These tests demonstrated the 
ability of electric equipment to operate at a sustained speed 
more than twice as great as that of our fastest express trains 
on runs of any considerable length, and exceeding by about 
50% the maximum which can be attained even for a short dis- 
tance by the steam locomotive with a reasonable degree of 
safety. | 

Even at speeds at which steam locomotives may be operated 
without great danger of leaving the track, as a result of the 
effect of unbalanced reciprocating parts, electric engines are 
far better able to maintain speed while drawing heavy trains. 
At speeds of 80 or 90 miles an hour, for example, it is extremely 
difficult to operate with satisfactory results two steam loco- 
motives at the head of the train; while multiple-unit control 
places any necessary number of locomotive units absolutely 
and instantly responsive to the will and touch of a single oper- 
ator. At high speeds, also, the economy of the steam loco- 
motive falls off rapidly while that of its competitor remains 
practically constant. 

The increase in average speed resulting from the relatively 
high acceleration obtainable in the use of multiple-unit electric 
equipment in service where stations are very close together; 
e.g., elevated and subway lines in cities, and in suburban service 
in the vicinity of large cities, has been frequently discussed 
from the theoretical standpoint and 1s well understood. 

3. General Comfort of Passengers: The great advantages of elec- 
tric traction 1n respect to comfort of passengers are well-known. 
Cleanliness and improved ventilation made possible by the 
elimination of smoke and cinders; lighting practically without 
heat and at low cost by a system which makes it easy to place 
lamps in any desired location, and heating apparatus effectively 
and conveniently controlled, are factors of very great im- 
portance in building up passenger business under conditions 
of competition. In operating through tunnels, ventilated with 
difficulty, the electric motor, in eliminating smoke and the gases 
of combustion, possesses an advantage which is frequently 
controlling. 

4. Safety: So much has been said and printed in the daily 
press regarding the alleged dangers of electric traction, that 
it is well to place on record here a statement of the considera- 
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tions which inevitably lead to the conclusion that electric trac- 
tion, if the equipment be properly designed and installed, is 
essentially and materially safer, so far as the traveling public 
is concerned, than steam traction. The more important of 
these considerations are: 

a. The fact that in case of a rear-end collision, which is per- 
haps the most frequent form of accident experienced in the 
operation of our railway systems, the energv which propels 
the electric train can be shut off generally with great prompt- 
ness. On the other hand, the steam locomotive carrying in 
its fire-box from 1500 to 2000 Ib. of coal heated їо incandescence, 
almost invanably sets fire to anv broken cars, or other com- 
bustible material with which it comes in contact. Where the 
electric supply to trains is obtained at low potential from a 
third rail, the risk of short circuit, which may result in fire if 
the cars be not fireproof, is greater than it is in the case of 
overhead construction, even when the voltage employed in the 
latter case is very high. In fact, in the latter case it may be said 
that risk from the physiological effects of the current or from 
fire resulting from short circuit, is practically eliminated, except 
perhaps in tunnels of very limited clearance. 

b. The elimination of the boiler carrying steam at high pres- 
sure, also means the removal of an element of risk which in 
many railroad accidents has destroyed life. 

c. The absence of smoke in tunnels, and consequent ability 
to see signals clearly at all times, constitutes an advantage ot 
the utmost importance for electric operation. 

d. Cars drawn by steam locomotives must be heated either 
by steam from the locomotives, or by some form of stove car- 
red on the individual cars. In the former case, steam from 
broken steam pipes becomes a serious source of danger in case 
of accident; in the latter the hot coals from the stove, even in 
the 1mproved modern types which have greatly reduced the 
risk formerly encountered, are a source of danger. The sub- 
stitution of the electric heater affords opportunity not only 
for ideal control of temperature of the cars but almost abso- 
lutely eliminates risk of fire. 

e. The elimination of the gas tank and the oil lamp used for 
lighting in steam traction, and the substitution of electric light- 
ing, also implies a material gain in safety. 

}. The danger of derailment in the case of the electric loco- 
motive 1s far less than in case of the steam locomotive, by rea- 
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son of the elimination of unbalanced reciprocating parts which 
tend to lift the steam locomotive from the tracks. The ham- 
mer-blow also, in the case of the steam locomotive, is respon- 
sible not infrequently in cold weather for broken.rails, as a 
direct result of which many serious accidents have occurred. 

g. The electrification of railways where high-speed passenger 
traffic is involved, affords opportunity for improved methods 
of protecting trains by signal systems, automatic or other. 

h. The ability to cut off power at will from a given section 
and therefore from trains operating upon that section under 
certain conditions, which arise not infrequently in railway 
service, may be availed of to prevent accidents. In steam 
railway service, when an operator at a tower having allowed a 
train to pass learns too late that another train is approaching 
in the opposite direction, he is powerless to avert the impending 
collision. Where the motive power of these trains, however, 
is transmitted by electricity, the power supplied to the section 
might be cut off and probably in time to prevent the catastrophe. 

As against the considerations above referred to, all of which 
tend to make electric operation safer than operation by steam 
locomotive, the addition to the permanent way equipment 
of an electric conductor conveying power to trains imposesin the 
former case a material risk not involved in the latter. Ifthe 
power be supplied through a third rail, a guard should be used 
whenever possible to prevent accidental contact with the rail 
by employes or by others walking upon or crossing the track. 
Several effective forms of guard are available, of which at least 
one has been in service upon a convincing scale for five years. 

5. Reliability of Train Service: Interesting evidence in re- 
spect to the relative reliability of steam locomotives, and of 
electric motors carried upon cars and controlled by the multi- 
ple-unit system of train-control, is derived from the official 
records of the transportation department of the Manhattan 
Division of the Interborough Rapid Transit system of New 
York. Upon the elevated lines, steam locomotives were used 
from the inauguration of the first constituent line of the ul- 
timate system in 1872 until 1902, during which year and a part 
of the following year, electric equipment was gradually substi- 
tuted. The locomotives were operated under exceptionally 
favorable conditions, were not overloaded, were of simple con- 
struction, and admirably maintained. The electric equip- 
ment that succeeded them is operating trains which average 
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5.3 cars as against 3.8 cars in the days of steam operation. The 
average speed is materially higher. The tractive effort during 
acceleration of a six-car train is 30,000 lb. as against a maxi- 
mum draw-bar pull of approximately 7,000 lb. exerted by the 
steam locomotive. 

Accurate record is kept of the duration of every delay in the 
operation of the trains. The results for the months November 
1900 to March 1901, when steam was used, and the correspond- 
ing months of the years 1905-6 under conditions of electric 
operation, illustrate in a striking manner the marked gain 
in reliability of service which has resulted from the adoption 
of electricity. For the five months of steam operation the 
aggregate car-mileage was 18,527,773 miles, and the aggregate 
delay 8258 train minutes. The car-mileage per train-minute 
delay was 2243. 

For the corresponding period of electric operation, 5 years 
later, the car-mileage was 25,482,081, the aggregate train- 
minutes’ delay 5970 and the car-mileage per train-minute 
delay was 4208. | i 

It will be noted that the months involved in the above cum- 
parison are those in which the difficulties of operation, owing 
to weather conditions and number of passengers transported 
are at a maximum. Snow and sleet are among the greatest 
difficulties to be overcome in the operation of a third-rail sys- 
tem, when, as in the case of the Manhattan, the third rail cannot 
be effectively protected by reason of limitations in space avail- 
able on the stucture. In view of these difficulties and of the in- 
crease in density of traffic, the results obtained are remarkable. 

6. Increased Capacity of Line. Electric traction as compared 
with steam traction enables us to develop much greater sus- 
tained tractive efforts with given weight on drivers, by reason of 
more uniform rotative effort. Even where electric locomotives 
are used, it also eliminates dead weight by abolishing the tender 
and facilitating construction under which practically the en- 
tire weight of the locomotive is carried upon the drivers. Where 
the locomotive is dispensed with, and the motors mounted 
directly upon trucks of cars constituting the train, the best 
results are obtained, the proportion of weight upon wheels 
driven by motive power being greater than is otherwise prac- 
ticable. This increase in weight available for adhesion, in 
conjunction with the characteristics of the electric motor, 
makes it possible to attain in electric service rates of accelera- 
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tion altogether impracticable in steam service; consequently 
trains in passenger service where short headway is desirable 
can follow each other at shorter intervals than is feasible where 
steam motive power equipment is employed. 

In the operation of freight trains, if it should ever become 
practicable to distribute electric locomotives throughout the 
length of the train and operate them by multiple-unit control, 
trains of length far beyond present limits could be operated. 
At present, the length of a freight train is limited by the strength 
of the draft-gear, and steam locomotives cannot advantage- 
ously be distributed at intervals throughout a very long train, 
as no means is available for controlling their effort simul- 
taneously and satisfactorily. 

Obviously, a system permitting distribution of the motive 
power at convenient intervals throughout the train, and simul- 
taneously controlled by the hand of a single engineman, pre- 
sents possibilities of increasing track capacity which under 
conditions now existing on many through lines should be of 
great value. 

7. Frequency of Stops: The interurban electric line compet- 
ing with the steam railroad for traffic between two cities possesses 
great advantage in the collection and distribution of passengers, 
from the ability of its cars to stop at any street intersection or 
other convenient point, instead of receiving and discharging 
passengers at a single railway station in each town. These 
frequent stops, however, operate to reduce speed materially, 
and but for the ability of the electric equipment to accelerate 
rapi lly the limitation would be very serious. As speed be- 
tween terminals is increased, the tendency to reduce the num- 
ber of stops made to take on or let off passengers is noticeable in 
the development of many interurban lines. 

&. Convenient Establishment of Feeder Lines: Frequency ot 
stops for convenient collection and distribution of passengers, 
and high speed between terminals, being considerations which 
are essentially opposed, the advantages of a four-track system 
permitting operation of local or collecting train units on two 
tracxs,and express trains on the other two tracks, are obvious. 
The great expense of such a system, however. can be borne 
only where traffic is very heavy. 

A natural development which during the last five years has 
been very rapid, is found in the use of comparatively short 
electric trolley lines in connection with steam express service 
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tor long-distance runs. This method of utilizing the advan- 
tages of local electric lines by the companies operating trunk 
line systems is eminently wise, and in general should be highly 
advantageous to the properties concerned while increasing 
materialy the facilities offered to the public. It may be 
pointed out, however, that were the trunk line systems to utilize 
electricity for through traffic, the extension and systematic 
improvement of local feeders would be facilitated for a number 
of reasons, notably: 

1. The fact that power developed in large amount, as for 
the operation of heavy through traffic, is produced at low cost 
per unit, and would be available at all points along the line 
for the operation of cars on local feeder lines. 

2. The convenient possibility of attaching cars or short trains 
arriving on local lines to through trains at points of junction. 
The multiple-unit system of car equipment lends itself admirably 
to this method of operation. 


ILLUSTRATIONS OF PASSENGER BUSINESS DEVELOPED By INTER- 
URBAN ELECTRIC LINES. 


In a very comprehensive paper presented by Mr. J. G. White 
before the International Engineering Congress at St. Louis in 
1904, the following striking illustrations of the advantages of 
frequent service are given: 

'" Cleveland-Oberlin Line. These cities are 34 miles apart. 
The competitors for passenger traffic between these cities and 
intermediate points are the Lake Shore & Michigan Southern 
Railroad (steam) and the Cleveland, Elyria & Western (electric). 
In 1895 the total number of passengers carried by the steam 
ralway between these cities and intermediate points was 
203,014. This total decreased gradually after the competing 
electric line was opened to a minimum in 1899 of 71,755, from 
which it gradually recovered in 1902 to 91,761, but during 
this same year the electric road carried a total of about 3,000,000. 

‘* Cleveland-Painesville Line. These cities are 39 miles apart. 
The competitors for passenger traffic are the Lake Shore (steam) 
and the Cleveland-Painesville & Eastern Railway (electric). 
In 1895 the steam road carried between the terminals and inter- 
mediate points 199,292 passengers, but in 1902 it carried only 
28,708 passengers, while the electric system carried 1,537,754 
passengers. 

'" Cleveland-Lorain Line. These cities are 26 miles apart. 
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Competitors are the New York, Chicago & St. Louis Railroad 
(steam) and the Lake Shore (electric). In 1895 the steam road 
carried 42,526 passengers but in 1902 it carried only 9,795 pas- 
sengers, the electric road in the same year carrying 3,896,902 
passengers.” 

The Lackawanna & Wyoming Valley Railway Company, 
operating a double track system between the cities of Scranton 
and Wilkes-Barre, Pa., carried, during the four months ending 
October 1906, 1,396,833 passengers. This railway, 18 miles 
in length, competes with two double-track steam railways 
having excellent terminals in both cities, and with a third 
double-track steam railway having an equally good terminal 
in Scranton, but a less favorably located terminal at the Wilkes- 
Barre end of the line. The electric railway charges 30 cents for 
the ride between the two cities and sells round-trip tickets for 
50 cents. Except at certain hours, it operates its service upon 
10 minutes’ headway. At least one of the steam railways, in 
the endeavor to retain its passenger business, has reduced its 
rate to 40 cents for the round trip. It has also increased the 
frequency of its train service. We have been unable to ascer- 
tain the number of passengers carried by the competing steam 
lines during the four months above referred to, but the earning 
power of frequent electric service is strikingly demonstrated 
by the fact that this railroad, operating in competition with 
three double-track steam railways of practically identical 
length and substantially equal terminal facilities, should be 
doing a business which represents an income of $5.00 per capita 
per annum of tributary population, including that of the ter- 
minal cities. 


ELECTRIFICATION OF TRANSPORTATION SYSTEMS IN MANHATTAN 
AND THE BRONX—EFFECT UPON TRAFFIC 


A study of the transportation statistics of New York City, 
particularly during the last decade, is not only of great local 
interest, but is instructive as illustrating the effect of improve- 
ment in transit facilities upon gross receipts. 

The data graphically summarized in Figs. 1, 2, and 3 have been 
compiled from official records; those subsequent to June 30, 1883, 
being obtained from the reports of the Railroad Commission 
of the State of New York. The effects of improved service 
are clearly evident from an inspection of these figures. 


MILLIONS OF PAID FARES PER ANNUM 
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In Fig. 1, the line marked '' All lines " indicates for each 
year ending June 30, the aggregate paid fares collected by all 
surface, elevated, and subway lines in the Boroughs of Manhattan 
and Bronx. It will be noticed that the aggregate paid fares 
for the year ending June 30, 1894, and also for the following 
year, were slightly less than for the year ending June 30, 1893. 
this reduction doubtless being due to the hard times which then 


PAID FARES ON TRANSPORTATION LINES 
BOROUGHS OF MANHATTAN AND BRONX, 
NEW YORK CITY. 
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prevailed. With this exception, the aggregate of paid fares 
for all lines shows in each year an increase over the preceding 
year. Comparing the Manhattan System for the year 1893 
with the same system for the year 1899, a decrease of 21% in 
paid fares is shown. During the same period the paid fares 
of surface lines, which meanwhile in large degree had adopted 
electric operation, increased by 43%. That the decrease in 
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business on the elevated lines was not due to any decrease in 
the service, is shown by Fig. 2, from which it will be seen that 
the car mileage operated increased steadily during this period. 
The unavoidable inference is that the diversion of traffic to the 
surface lines was a direct result of the improved service offered 
by the latter. 

During the year ending June 30, 1901, the last fiscal year 
^f steam operation on the elevated lines, the Manhattan system 
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collected 190,045,741 fares. The surtace lines collected 
388,108,794 fares. During the year ending June 30, 1904, the 
Manhattan System, now operated by electricity, collected 
286,634,195 fares, an increase of 50%, while the surface lines 
collected 419,423,092, an increase of about 8%. In the fol- 
lowing year, 1904, the subway began operation, and both ele- 
vated and surface lines recorded a decrease in fares collected. 
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decade from 1860 to 1900. Up to 1905, the population as 
indicated in these curves is undoubtedly not far from the fact; 
for 1910 and 1920 the probable populations indicated are in- 
teresting, although the curves take no account of the effect of 
improved transit facilities between Manhattan and Long Island, 
and between Manhattan and New Jersey. 

Notwithstanding the very rapid increase in population of the 
Boroughs of Manhattan and Bronx from 1890 to 1905, the paid 
fares collected by the several transportation systems have 
increased still more rapidly, as shown in the curve of paid fares 
per capita in Fig. 3. 

In the same figure are shown the increase in car-miles per 
capita per annum, and in car-miles per annum per square mile 
of territory served. 

While it 1s not directly pertinent to this discussion, we would 
here call attention to a fact of great importance to those re- 
sponsible for the development of the systems of transportation 
in the City of New York; viz., the fact that while far the year 
ending June 30, 1906, the subway carried 137,919,632 passen- 
gers, the aggregate carried by the elevated and surface lines was 
but 23,684,957 less than the aggregate carried by these lines 
during the year ending June 30, 1904, the last fiscal year before 
the subway began operation. In other words, comparing the 
year 1906 with 1904, the aggregate paid fares on elevated, 
surface, and subway lines, increased by 114,234,675, which is 
about three-fourths the ultimate capacity of the present subway. 
It is evident from inspection of these curves, that the existing 
systems are destined to be still further and greatly overcrowded 
before additional subways can be completed. 

It is of course impracticable in studying the results of improved 
service in the electrification of elevated, surface, and subway 
lines in New York, to attempt to differentiate the causes which 
have contributed to the increased traffic. While that increase 
has been due undoubtedly in large part to the improved service 
offered, it 1s also obvious that the number of passengers carried 
would have increased very materially by the growth of popula- 
tion, even had no improvement in the old conditions of service 
been effected. But it cannot. be too strongly emphasized, 
that while from one point of view improved transit facilities 
are a result of increased population, from another and equally 
tenable point of view, increased population is a result of im- 
proved transit facilities. 
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COMPARATIVE Costs OF OPERATION. 


As the standard with which to compare our estimates of 
cost of electric operation, we have adopted the grand average 
results obtained in operation by steam locomotives upon the 
existing railways of the United States, as set forth in the report 
of Statistics of Railways for 1904 compiled by the Interstate 
Commerce Commission, and proof-sheets of the report of the 
Commission for the year 1905. We shall follow the classification 
of operating expenses adopted by the commission, and generally 
used by the railroad companies in their annual reports. The 
estimated costs of electric operation being approximately de- 
termined as compared with the grand averages obtaining in 
steam railroad practice in this country, the work of determining, 
for any given case, the relative advantages and disadvantages 
of steam and electric operation will perhaps be facilitated. We 
compare, of course, the itemized operating expenses in the case 
of operation by electricity with corresponding expenses under ex- 
isting conditions of steam motive power equipment. In esti 
mating operating expenses of electric equipment, we have based 
conclusions upon results obtained in practice so far as we pos- 
sess the necessary data.  , 

The substitution of electric for steam equipment involves a 
large investment in power plant, and in electric conductors and 
apparatus for conveving power from the power plant to the 
moving trains, The distributing system for alternating-current 
equipment, which is the only class otf equipment deserving 
serious consideration in connection with the general problem 
which we are discussing, comprises an addition to permanent 
way equipment in the form of overhead construction and electrical 
conductors conveying power from the power house to the trolley or 
conductor which is carried above the track. At the present time, 
the limit of potential generally adopted in this country in con- 
structing alternating-current dynamosis 11,000 volts. Where this 
voltage is generated, and the distance from the power house to 
the section of railroad to be electrified does not exceed 25 or 
30 miles, step-up and step-down transformers are unnecessary. 
For greater distances, higher potentials are used upcn the feeder 
circuits between power house and trolley, transformers for 
increasing the generated potential being installed in the power 
house, and transformers for lowering the potential to that selected 
for the trolley; e.g., 11,000 volts, being located in suitable tfans- 
former houses at intervals of from 30 to 50 miles, depending 
chiefly upon density of traffic. 
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For the trolley,a potential of 11,000 volts is suitable and can 
be adequately insulated. Тһе mechanical support for the trol- 
ley comprises, preferably steel poles with brackets or light 
steel bridges spanning the track. 

The cost of the power plant and distributing system are 
properly chargeable to capital account. 

Our estimates are based upon the assumption that single- 
phase alternating-current equipment is used; that the trolley 
potential is 11,000 volts; that each power-house supplies rail- 
way line to a distance of 150 miles in each direction, the feeder 
potential employed being 60,000 volts; that the overhead con- 
struction is first class in every respect, and steel bridges and 
field poles set in concrete being exclusively used for the sup- 
port of both trolley conductors and feeders.* 

As regards equipment of the rolling stock, it is the general 
practice of our railways tocharge against operating expenses 
all new equipment purchased to replace that which has been 
worn out in service. In the adoption of electricity, it would 
seem that this method might be followed in general by our 
more important railway systems, the substitution of electric 
equipment beginning naturally upon those parts of the system 
where the resulting advantages are maximum. In other. words, 
worn-out locomotives, etc., on such a system might be replaced 
by electric equipment and the cost of the equipment. charged 
against operation, just as the cost of new steam locomotives 
Otherwise required would be charged against operation. For 
example, the Erie Railroad system, on June 30, 1906, had 1333 
locomotives in service. Taking no account of increases necessi- 
tated by growth of the company’s business, not less than 60 
new locomotives should be added to this equipment each year 
to take the place of those worn out in service. The cost of 
these new locomotives under steam operation would be charged 
against " Repairs and renewals of locomotives,” and it would 
seem that their value expended for electric equipment to re- 
place them might be similarly charged. In addition to the 
purchase of new locomotives to replace those worn out in ser- 
vice, our коно are compelled from year to Ris By the 


—. 


*In assuming the use of the single- phase system we are not condemn- 

ing other systems. The three-phase system has not received from Ameri- 
can engineers in general, that degree of consideration which its possi- 
bilities and demanstrated. advantages justify. ‘Its use, at least on moun- - 
tain-grade divisions, can be supported by very strong arguments. 
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growth of their business, to purchase additional locomotives 
and other rolling equipment. While these are usually charged 
against capital account in one form or another, it may be pointed. 
out that any method of financing their cost which may be 
adopted is equally applicable to electric locomotives. 

In cases where the initial substitution of electricity is on a 
large scale, as compared with the total rolling stock equipment 
of the railroad making the change, it 1s probable that a part 
if not all of the cost of electric rolling stock equipment will 
generally be charged to capital account. | 

We proceed to compare the cost of electric operation with 
the cost of operation by steam locomotives, using as our standard 
of comparison the grand average results in steam operation in. 
the United States for the years 1901-1905, inclusive. "These 
average results are set forth in the following tables compiled 
from the reports of the Interstate Commerce Commission and 
printed on the three following pages. Many of the items in- 
cluded in this tabulation vary between wide limits in the 
practice of different railroads. 


MAINTENANCE OF WAY AND STRUCTURES 


Under the general heading, “ Maintenance of Way and Struc- 
tures," item No. 1, “ Repairs of Roadway,” if changed at all 
should show some reduction under conditions of electric opera- 
tion, but obviously no material change is to be expected. We 
assume therefore that this item, amounting to 10.818% of total 
operating expenses, will remain unchanged. 

The items, ‘‘ Renewals of rails," ‘‘ Renewals of ties," and 
“ Repairs and renewals of bridges and culverts,” may be con- 
veniently grouped. Inthe aggregate, these on the average steam 
operated railroad amount to 6.33% of the total cost of орега- 
tion, If the electric locomotive be substituted for the steam 
locomotive, it is safe to predict that this group of items of 
expense will be reduced; but it is practically impossible to state 
with accuracy what the reduction will amount to. In general, 
it is obvious that the substitution of electric locomotives de- 
veloping .equal.draw-bar pull, with axle-loads reduced at 
least 25% as compared with steam locomotives, and with 
wheel-bases not exceeding those of steam locomotives, should 
favorably affect these items. From the best study which we 
have been able to make of the detailed factors comprised under 
these three items of the classification, it would seem that under 
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TABLE I 
Е — |Estimated 
Aver- | Cost of 
Per cent age | operation 
Amount ,————|—————|————| Five | by Elec- 
Item 1905 1905 | 1904 | 1903 | 1902 | 1901 | Years] tricity 
Maintenance of Way 
and Structures. . .|274,415,279/|19.784]19.519/21.185|22.255/22.272)21.003| 22.354 
1. Repairs of roadway|144,161,701/10.393]10.348|11.093/11.331/10.294/10.818| 10.818 
2. Renewals of rails..! 18,259,022, 1.316| 1.298| 1.386, 1.521| 1.676 1.439 
3. Renewals of ties...| 36,856,864 aa 2.519 2.487 2.838| 3.140| 2.728 Si 
4. Repairs and renew-, | | 
als of ла and) 
culverts.. 32,166.990| 2.319 2.228 2.461| 2.593| 2.730| 2.466) J 
5. Repairs and renew- | 
als of fences. road-! 
crossings, signs andi | 
cattle-guards. . .. .| 6,179,686; 0.446| 0.437| 0.527| 0.625| 0.598| 0.527| 0.527 
6. Repairs and renew-! 
als of ышан and 
fixtures.. | 29,320.204 2.114| 2.147 2.590| 2.562| 2.417| 2.366 1.300 
7. Repairs and ж 
als of docks апа! 
.  wharves.......... | 2,883,274] 0.208] 0.209] 0.235] 0.220] 0.283) 0.231 0.231 
8. Repairs and renew- | 
als Pot telegraph...| 2,374,932| 0.171| 0.179| 0.165| 0.178] 0.158| 0.169|: 0.169 
9. Stationery апа! 
printing.......... | — 383,158| 0.028] 0.029] 0.032] 0.031] 0.029] 0.030] 0.030 
10. Other expenses | 1,829,448, 0.132] 0.125) 0.209] 0.361 0.317| 0.229 0.229 
Repairs and гепем-. 
als of track bond-! 
Repairs and renew- 
als of overhead 
construction...... 3.250 
Malgtenance i Equip- 
ment. .|288,012,604/|20.765|19.907|19.133|19.127|18.629|19.524| 12.287 
11. Superintendence..| 7,831,965| 0.565] 0.567| 0.559| 0.601| 0.599; 0.578 0.578 
12. Repairs and renew- 
als of locomotives.|114,988,428| 8.290| 7.904| 7.408| 7.246| 6.695| 7.509 2.253 
13. Repairs and renew- 
als of passenger 
сагѕ.............| 27,342,129| 1.971] 1.951| 2.044| 2.157 2.277| 2.080 2.080 
14. Repairs and renew- 
als of freight cars.|113,723,239| 8.199] 7.777| 7.442| 7.432| 7.436] 7.657 6.000 
15. Repairs and renew- 
als of work cars..... 3,360,390| 0.242| 0.231| 0.242| 0.245| 0.233| 0.238 0.238 
16. Repairs and renew. | 
als ais marine equip. 
ment. „.....! 2,650,643} 0.191] 0.154| 0.177! 0.215| 0.234| 0.194 0.194 
17. Repairs and renew 
als of shop machin | 
егу and tools..... là 9,186,101|. 0.663| 0.704! 0.696| 0.643| 0.605, 0.662 0.500 
18. pocius M 
printing.. §95,571| 0.043} 0.042} 0.046] 0.044] 0.043] 0.044 0.044 
19. Other expenses.. 8.334.240} 0.601| 0.637] 0.519] 0.544) 0.507] 0.562 0.400 


the general heading '" Maintenance of Equipment," 
and electric transmission systems. Both of these, however, are more conveniently treated 


by includin 
or third rai 


Nots.—It is customary with some railroads using electric equipment to include under 


the maintenance of the power plant 


g them in the cost of electric power delivered to the overhead trolley system 
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TABLE I.—Contsnued. 
B 0] (qoe — Estimated 
Aver- | Cost of 
Per cent age | operation 
Amount |—— —|———|———|————|———| Five | by Elec 
Item 1905 1905 | 1904 | 1903 | 1902 | 1901 | Years! tricity 


Conducting Transporta: 


ton. .1769,613,017 55. 486|56.670|55.893|54.671|54.979/55.540, 43.454 


20. Superintendence . .| 25,007,322 1.803 1.779| 1.742) 1.711| 1.726 1.752 1.752 


21. Engine- and round- 


house men........ 130,437,844| 9.404] 9.550} 9.562] 9.401! 9.340 р 4.710 
22. Fuel for locomo- | 

{їуез............. 156,429,245111.278|12.128]11.675|10.776|10.602111.292 5.553 
23. Water supply for | 

locomotives....... 9,147,590, 0.6601 0.659| 0.614| 0.623| 0.612; 0.634 0.000 

| 

24. Oil, tallow, and 

waste for locomo- 

Ives ОРНА 5,442,970| 0.392| 0.397| 0.389| 0.366] 0.361/ 0.381 0.250 
25. Other supplies for | | 

locomotives....... 3.295,384| 0.238} 0.248| 0.232; 0.218] 0.206| 0. 228| | ‚22% 
26. Train service...... 90,654,520| 6.536| 6.735| 6.677| 6.737, 7.011, 6.739) .739 
27. Train cs and l | 

expenses.. ...| 21.963,086| 1.583| 1.581| 1.552] 1.500| 1.471) 1.537 1.000 
28 Switchmen, flag- 

men and watch- 

теп.............| 60,141,422) 4.336] 4.386] 4.313| 3.984| 3.848) 4.173 4.173 
29. Telegraph expenses| 24,823,266] 1.790| 1.788| 1.754| 1.784| 1.785| 1.780 2.000 
30. Station service.. 89,304,658| 6.438| 6.605| 6.664| 6.832| 6.947, 6.697 6.607 
31. Station supplies...| 8,861,573] 0.646] 0.686) 0.667] 0.676| 0.672| 0.669 0.669 
32. id Ping enaps | 

balance.. а 4,201,050] 0.303| 0.280] 0.244] 0.272| 0.319? 0.284 0.234 
33 .Car per diem and | 

mileage, balance. .| 18,835,325, 1.358] 1.358] 1.400| 1.480| 1.618 1.423 1.423 
34. Hire of Poupe 

balance.. ...| 3,040,641] 0.219| 0.195] 0.214| 0.180) 0.161 0.194 0.194 
35. Loss and damage. .| 19,782,692) 1.426] 1.279| 1.094| 0.990| 0.819| 1.112 6.750 
36. Injuries to persons.| 16,034,727) 1.156] 1.196) 1.120] 1.043! 0.911 086 1.000 
37. Clearing wrecks...| 3,594,658| 0.259| 0.275| 0.284| 0.221| 0.189 0.246. 0.200 
38. Operating marine | 

equipment........ 9,903,479| 0.714] 0.696) 0.745| 0.721 0.862 а 0.748 
39. Advertising....... 5,959,380) 0.430) 0.418} 0.428) 0.429] 0.428; 0.427 0.427 
40. Outside agencies. .| 19,688,261; 1.419] 1.411] 1.449] 1.579 15 1.495 .495 

| 

41. Commissions... .. 233,987| 0.017| 0.022| 0.044| 0.077| 0.089! 0.050. 0.050 
42. Stock yards and | 

clevators......... 786,850! 0.057; 0.060} 0.057| 0.069] 0.075) 0 ова 0.064 
43. Rents of tracks, | 

yards and termi- | ) 

nals.........++.| 23,947,881] 1.727] 1.563] 1.544] 1.519| 1.724 1.615 1.615 
44. Rents of building | | 

and other property| 4,814,407| 0.347| 0.382| 0.411| 0.440| 0.440, 0.404 0.404 
45. Stationery and | 

PIINUNE. 4675404 8.772.789! 0.632) 0.640] 0.642] 0.622] 0.638 Mu .634 
46. Other expenses.... 4,408,010} 0.318) 0.353| 0.376| 0.416) 0.510 899] .395 
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TABLE I.—Continued. 


| Estimated 
Cost of 
operation 
Amount |————|— ——|————|————|———| Fi by Elec- 
Item 1905 1905 tricity 
General Expenses... ... 55,022,127: 3.965 3.933 
47. Salaries 9: gener | 
officers. . bis | 11,676,616: 0.842 0.883 
48. Salaries of clerks | | 
and attendants..., 18,582, 142; 1.340 1.283 
49. General office ex-| 
penses and sup-| _ | 
plies.. ees) 9.459.470! 0.249 0.244 
50. Insurance. ....... | 6,885.032| 0.496 0.439 
51. Law expenses..... MURRE 0.512 0.549 
52. Stationery and! | 
printing (general| 
expenses)....... .| ZONE 0.176 0.170 
53. Other expenses... .| 0.365 


4,861 911| 0.350| 0 


| 


Recapitulation of Ex-! 


54. Maintenance of| 
way and К 415, 279119. 784119.519/|21.185j/22.255|22.272121.003, 22.354 


| 


55. Maintenance of 

equipment........ "а 012,604120.765|19.967/19.133/19.127/18.629119.524| 12.287 
56. Conducting trans-! | 

portation........ .|769. 613,017 i55. 486/56 .670/55 .893/54.6711/54.979'55.540| 43.454 
57. General expenses..| 55.002.127! 3.965| 3.844 3.789] 3.947] 4.120! 3.933 3.933 


Grand Total...... j1:387,043,0 27100.1100. |100. |00. |100. 100. 82.028 


electric operation they should be reduced about one-fourth; 
in other words, they should approximate 5% of the total oper- 
ating expenses. It is not to be imagined, of course, that rail- 
roads adopting electric traction would limit themselves to equal 
draw-bar pull and not increase loads. They would, naturally, 
take advantage of the possibility of increasing draw-bar pull 
so far as strength of draft-gear may permit, thereby effecting 
gains far outweighing the decrease in operating expenses 
represented by saving in maintenance of roadway, rails, and 
ties, which would result from a decrease in the weight of loco- 
motives. This argument is valid, not only with reference to 
high-speed passenger traffic, in which the hammer-blow of the 
engine is emphasized, but also in connection with freight traffic, 
where in recent years there is a marked tendency to employ 
trains of great length and locomotives of extreme weight. 
The cost of track-maintenance is increased by reason of the 
electric bonding of the rails. This bonding, including the 
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cost of special bonds necessary where an automatic track signal 
system is used, will cost about $500 per mile under average 
conditions. Its cost of inspection and maintenance should «not 
exceed $50 per mile of single track per annum. 

The annual cost of ‘‘ Renewals of rails," “ Renewals of ties,’ 
and '' Repairs and Renewals of bridges and culverts,” averages 
in the United States $400 per mile of track, which as above 
stated, is 6.633% of average operating expenses, under steam 
operation, and for equal trains, as we have estimated, 5% for 
electric operation. The effect of the cost of track-bonding, 
therefore, would increase the items under consideration by 
about one-eighth, which is equivalent to an increase of 0.8% 
in operating expenses. To avoid possible confusion, we include 
the cost of ‘‘ Repairs and renewals of track bonding " as a 
separate item in the column ‘ Estimated Cost of Operation by 
Electricity." 

Under the general conditions which will govern where elec- 
tricity is substituted for steam in railway operation, there can 
be no doubt that the substitution will result in a material 
reduction in the cost of maintenance of rails, ties, bridges, 
and culverts. In this substitution electric locomotives will be 
used for freight traffic, while for passenger traffic locomotives 
will be eliminated ultimately and multiple-unit car equipments 
employed. For the immediate future, however, locomotives 
will be employed not only for freight trafic but also in some 
cases for passenger traffic, for the practical reasons which have 
impelled the Pennsylvania, the New York Central, and the New 
York, New Haven & Hartford systems in electrifying their 
New York terminals to adopt electric locomotives for handling 
their through trains. 

The hammer-blow upon rails, islargely and in some cases wholly 
avoided by the adoption of electricity; e.g., the entire electric 
equipment of the heavy locomotives used in the Baltimore tunnel 
is spring-borne; this is true also of the 70-ton Ganz locomotives 
recently placed in operation upon the Valtellina, and of the single- 
phase locomotives ordered by the New York, New Haven & Hart- 
ford Railroad. In thecaseof thelocomotives recently constructed 
for the New York Central Railroad the motor armature is car- 
ried by the axle. The armature and axle weigh 7460 1Ы.; 
obviously the hammer-blow, even in this case, is not to be com- 
pared with the tremendous blow due to unbalanced recipro- 
cating parts, the inertia of which in steam locomotives at high 
speeds is sufficient actually to lift the wheels from the track. 
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The hammer-blow is less serious at the speeds at which 
freight trains usually travel; but even if we ignore entirely 
the effect of the unbalanced parts in this case, the electric 
locomotive still possesses the important advantage that its 
ratio of tractive effort to weight is much higher than that of 
the steam locomotive. 

The most striking feature in American railway operation in 
recent years is the increase in length of train and weight of 
locomotive, under pressure of business which has increased at 
a ratio much exceeding the ratio of increase in track mileage. 
Despite the efforts of our railway engineers and managers, 
the roadbed has not kept pace with this advance; and while 
the weight of rail has been increased materially, the factors 
of safety as regards weight upon ties and bridges, and par- 
ticularly as regards the security of rails against displacement 
due to side-thrust on curves, are by no means what they should 
be, and yet apparently have reached their limit. Lieut.-Col. 
Yorke, Chief Inspector for the British Board of Trade, in his 
report of the results of his observations in the United States 
in 1903, called particular attention to this fact, and expressed 
the opinion that American railway practice is tending towards 
British. practice in respect to the distribution of weight on 
ties secured by inserting chairs between the rails and the ties. 

In view of the fact that .our railways have been spending 
large sums of money to increase the stability of the roadbed, 
to strengthen bridges and culverts, and to maintain rails in po- 
sition upon the ties, the advantage which the electric locomo- 
tive possesses in its higher ratio of tractive effort to weight is 
important, even in freight traffic at low speed. The necessity 
of utilizing track capacity to the utmost, and the economies 
resulting from the operation of long trains, have resulted in 
gradually increasing the length and weight of freight trains 
until it would appear that the limit has been reached, unless 
further improvement draft-gear, track, and roadbed, and fur- 
ther increase in weight of locomotives, be found possible. It 
is evident, however, that if electric locomotives operated by 
the multiple-unit system could be used and located at suitable 
distances throughout the train, the possible length of a freight 
train would not be limited by its practicable motive power 
equipment. | 

Operation of electric locomotives thus located presupposes 
upon all roads the addition of control-wiring and couplers to 
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freight cars. The report of the Interstate Commerce Commission 
for 1904 shows that of a grand total of 1,845,304 locomotives 
and cars operated by our railways, 1,823,030 are equipped 
with automatic couplers and 1,554,772 are fitted with train 
brakes. At the present time, the cost of train-line and couplers 
would approximate $75 a car, but a reasonable cost for the 
apparatus required, if furnished in large quantities, would not 
exceed $50 per car. 

As regards the making up of trains, it is now necessary to 
couple the air-line between cars, and the additional labor of 
connecting the control-couplers would not be serious. 

While the cost of equipping freight cars, and of additional 
labor involved in connecting trains, is very small as compared 
with the immense advantages which in many cases would result 
from the ability to distribute locomotives at suitable intervals 
in a freight train, and control them simultaneously and per- 
fectly by the hand of the engineman at the head of the train, 
the probability of adoption of multiple-unit operation for 
freight trains appears remote, since there is apparently no suffi- 
cient reason why a railroad company not adopting electricity 
should equip its cars for electric operation over the lines of 
another company which may adopt the newer motive power. 
Whether it be possible for a company desiring to avail itself 
fully of the advantages of electric traction for freight, as well 
as for passenger traffic, to bring to bear upon other lines inter- 
changing freight with it, pressure sufficient to induce those 
lines to spend $50 per freight car for electric equipment is a 
question outside the scope of our present consideration. 

Reverting to Table I, item 5, " Repairs and renewals of 
fences, road-crossings, signs and cattle-guards," will not be 
changed by the adoption of electricity. 

Item 6, " Repairs and renewals of buildings and fixtures," 
includes repairs and renewals of engine houses and shops, also 
water tanks and coal-handling apparatus. Under electric 
operation, it is evident that this item would be materially re- 
duced. This subject will be further discussed when we come 
to consider item 12, '" Repairs and renewals of locomotives.” 
It is conservative to say that for the operation of a 
given train-mileage, under the average conditions of rail- 
"way service in this country, the number of electric locomotives 
required should not exceed one half the number of steam loco- 
motives now used. The reduction in the number. of locomotives 
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implies, of course, a reduction in the cost of repairs and re- 
newals of engine house and shops, and taking this into account, 
in connection with the elimination of water tanks and coal- 
handling apparatus, distributed along the line, it is our opinion 
that this item will be reduced from 2.366% to about 1.3% of 
the total annual operating expenses. 

Item 7, “ Repairs and renewals of docks and wharves ” ob- 
viously will not be affected. 

Item 8, ‘‘ Repairs and renewals of telegraph." It is probable 
that this item will be somewhat increased in general where elec- 
tric operation is adopted. The effect upon the operating ex- 
penses, however, is so slight as to be practically negligible in 
our consideration of the general problems of comparative ex- 
penses of steam and electric service. | 

Item 9, “ Stationery and printing " will not be changed. 

Item 10, “ Other expenses" we may assume will not be 
affected. i 

Under the general heading '" Maintenance of Way and Struc- 
tures," the classified statement of operating expenses of a rail- 
road electrically equipped includes the following items in addi- 
tion to the foregoing: 

a. " Repairs and renewals of track bonding." 

This has been referred to in our discussion of items 2, 3, and 4, 
and it is included in our tabulated statement as a separate item 
amounting to 0.8% of operating expenses. 

b. '' Repairs and renewals of overhead or third-rail construc- 
tion." 

From detailed calculations of the cost of high class overhead 
construction, where two tracks are to be equipped the cost ot 
overhead construction is approximately $10,300 per mile. 
This includes trolley conductors equivalent to No. 4/0 wire 
B. & S. gauge, insulated for 11,000. volts alternating, and sup- 
ported by steel cables, carried by substantial steel bridges set 
in concrete, and spanning the tracks. For single-track work 
using steel poles and brackets and catenery support, the cost 
closely approximates $4800 a mile. 

Of the total line mileage of the United States in 1905. amount- 
ing to 216,974 miles, approximately 0.4 are in double track, 
including yards and sidings for single-track lines, and 0.6 are 
single-track. 

The grand average cost of overhead steel construction of the 
type considered, therefore, closely approximates $5000 per 


26 STILLWELL AND PUTNAM (Jan. 25 


mile of track. In this case, our estimate of the annual cost 
of " Repairs and renewals of overhead construction " cannot 
rest directly upon actual experience, since practically no over- 
head construction of this character is in use under the condi- 
tions of railway service. We may, however, base conclusions 
which should be reasonably correct upon consideration of first- 
class overhead trolley construction such as is used by our best 
interurban lines. Some light is also thrown upon the sub- 
ject by extensive experience in the operation of high potential 
transmission circuits, and the experience of the Valtellina line 
1s particularly instructive. 

Light steel bridges, set in concrete, subject to the compara- 
tively slight strains involved in supporting the light conductors 
required, should last almost indefinitely if kept properly painted. 
The absence of smoke and gasses from locomotives favors their 
long life. The cost of these steel bridges and poles is a large 
part of the overhead construction. 

The wear of the trolley wire will depend upon density of traf- 
fic, but its original cost is only $700 a mile, and judging from. 
the experience of ordinary trolley lines and the results obtained 
on the Valtellina its life should be long. 

The steel catenary cables supporting the conductor being 
well galvanized should last many years without renewals. 

Breakage of insulators, such as are now available, will not 
constitute a large item of expense. 

As regards life of steel structures, it is instructive to note 
the fact that much of the structure of the Manhattan Elevated 
lines still in use is more than 30 years of age, and is apparently 
unimpaired notwithstanding the heavy and frequent traffic 
which it has carried and still carries. 

It is probable that engineering opinion in regard to the 
amount which should be allowed for '" Repairs and renewals of 
overhead construction " under consideration will not be unan- 
imous, but taking into account all of the factors which appear 
to affect the problem, it is our judgment that the amount re- 
quired should not exceed $150 per mile of track per annum. 
This is equivalent to $210 per mile of line per annum, the aver- 
age ratio of track-mileage to line-mileage being 1.4 to 1. 

The increase in operating expenses due to this item 1s about 
3.25% the average operating expenses per line-mile in the 
United States for the year 1905 being $6451.00. 

It is of course, possible to erect a much cheaper form of con- 
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struction if wood poles be used. "Though the first cost of such 
construction is low, it involves repairs and renewals constitu- 
ting a much larger percentage of its cost than in the case of 
the steel bridge and pole construction set in concrete. The 
annual effect upon operating expenses with this type of 
construction as an average figure may be expected to approxi- 
mate 2.595. 


'" MAINTENANCE OF EQUIPMENT..”’ 


, 


Item 11. ''Cost of superintendence " will not be changed. 

Item 12. “ Repairs and renewals of locomotives '" amounts 
to 7.509% of the average operating expenses of our steam rail- 
roads. This item, as we find in the classification of operating 
expenses prescribed by the interstate Commerce Commission, 
'" does not include the expense of cleaning boiler tubes and 
packing cylinders, nor ordinary regular inspection, this being 
charged to the item “ Engine and Roundhouse Men." It does 
include '' all expenditures for account of repairs and renewals 
and rebuilding of locomotives, tenders, snow-plows (when at- 
tached to locomotives), furniture and loose and movable tools 
and supplies used in connection therewith. It. also includes 
the cost of locomotives, tenders and appurtenances thereunto 
belonging, built or purchased to make good the original number 
charged to construction or equipment." 

As regards '" Repairs and renewals of electric locomotives,’ 
actual experience to date is not sufficient to justify us in fixing 
a figure for this item which can be regarded as established. 
There is, however, evidence sufficient to justify an estimate 
which in the average case should be approximately correct. 

Before considering data based upon experience, it is per- 
tinent to remark that a moment's consideration of the con- 
stituent details of mechanism, their relative complexity, and 
their respective functions, leads directly to the conclusicn that 
the repairs and renewals of an electric locomotive should be very 
small as compared with the same item of expense in the opera- 
tion of a steam locomotive. If we imagine for a moment that 
electric locomotives had been in use for many years while steam 
locomotives had but recently come forward as competitors, 
and that the engineering world of to-day being familiar for 
years with the essential simplicity of the electric motor as 
applied to traction purposes, were now called upon to judge 
the comparative merits of the essentially complicated aggrega- 
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tion of mechanism which we call a steam locomotive, the verdict, 
as regards the relative cost of repairs and renewals to be ex- 
pected, is obvious but the argument a prior: cannot be conceded, 
and we proceed to consider such evidence based upon com- 
parative results in actual service as we have been able to secure. 


1. INTERBOROUGH Rapip TRANSIT Co., MANHATTAN DIVISION. 


In the operation of the Manhattan Railway under steam 
and electric traction, respectively, data for interesting com- 
parisons are afforded; although owing to the fact that in this 
case multiple-unit electric equipment, applied to two-thirds of 
the cars constituting the trains, has been substituted for the 
steam locomotive, the comparison is less favorable to electric 
operation so far as this item of expense is concerned than it 
would be were electric locomotives used. The reason is found in 
the relatively great complication of multiple-unit equipment 
as compared with locomotive equipment; as a result of this 
the number of parts in this case is multiplied in the approximate 
proportion of three to one, and the cost of repairs and renewals 
is therefore radically increased beyond what it would be were 
electric locomotives employed. 

For the year ending June 30, 1901, the car-mileage operated 
by the Manhattan Railway was 43,860,158. The cost of re- 
pairs of locomotives was $173,609, or 0.39 cents per car-mile. 

For the year ending June 30, 1906, the car-mileage operated 
by the Manhattan Railway was 61,723,112. The cost of re- 
pairs of the electric equipment, including lamps, lamp wiring, 
and heaters, was $171,927, or 0.28 cents per car-mile. 

Had electric locomotives been used instead of the multiple- 
unit system, the number of parts constituting the electric 
equipment, as stated, would have been about one-third that 
now in use. These parts would have been larger and more 
expensive than the corresponding individual parts constituting 
the multiple-unit equipment, but the cost of repairs 
of the aggregate electrical equipment (which is largely labor 
of inspection) probably would not exceed 60% of the present 
cost. The results are further influenced unfavorably to electric 
traction as regards this comparison by the fact that the speed, 
and consequently the power consumption per car, have been 
radically increased, and by the fact that the repairs and re- 
newals of lamps, heaters, and wiring are included. 

A careful consideration of the detailed factors involved has 
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led us to the conclusion that had electric locomotives been 
substituted for steam locomotives, and had the weight and 
speed of trains not been increased, the cost of repairs 
of electric equipment would have approximated 0.2 cents per 
locomotive mile. We estimate also that the cost of repairs 
to these small locomotives exclusive of their electric equipment 
operating under the existing conditions would not have exceeded 
0.2 cents per locomotive-mile, and that the total cost would have 
approximated one-fourth of the cost of the corresponding item 
under steam traction. This figure of course is available only 
as a ratio in our consideration of the general railway problem. 

The very low cost which was actually obtained in the case 
of steam locomotives on the Manhattan; viz., 1.57 cents per 
locomotive mile, is explained by the extremely simple construc- 
tion of the engines, the fact that they were not overloaded, 
were operated on an elevated structure, and were admirably 
maintained. It is also to be noted that the amount expended 
for repairs was minimized in view of thecontemplated adoption 
of electricity.* | 

In applying to the general railroad problem evidence 
afforded by Manhattan experience, it must be noted that the 
elevation of the tracks places the motors beyond the reach of 
the dust or cinders which the rush of a train at certain seasons 
raises from the average railway track. On the other hand, 
the fact that the average run between stations on the elevated 
system is only about 2000 ft. exposes both motor and control 
to the action of brake-shoe dust which is liberated in quantities 
many times as great as would be the case in average railway 
service, and this brake-shoe dust is far more injurious to both 
motors and control than is dust from disintegrated ballast or 
cinders. 

In designing electric equipment for general railway service, 
it is advisable and not difficult to protect the motors effectively 
against the admission of dust of all kinds, particularly in cases 
where locomotives rather than multiple-unit equipment is 
adopted. This would be accomplished naturally by thoroughly 
enclosing the motor, and ventilating it by forced draft so di- 
rected as to prevent admission of dust. 


| *In this connection it is interesting to note that the cost of mainten- 
ance of locomotive and average train under steam operation for the year 
ending June 30, 1901, was 4.2c. per train-mile while the cost in the case 
of an equivalent electric train, as shown by records for corresponding 
months for the year ending J une 30, 1906, was 2.1c. per train-mile. 


e 
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2. INTERBOROUGH RAPID TRANSIT COMPANY, SUBWAY DIVISION 


For the year ending June 30, 1906, the car-mileage operated 
by the New York Subway was 31,931,073. The cost of repairs 
and renewals of electric equipment of rolling stock was 0.38 
cents per car-mile. Estimating the probable cost of repairs 
and renewals of electric equipment, were electric locomotives 
in use instead of the multiple-unit car equipment, the ap- 
proximate cost in this case works out at 0.7 cents per train-mile. 
A locomotive doing the same work as the electric equipment 
of the average train in the subway (about five cars) must be 
capable of exerting a draw-bar pull of 30,000 lb., which with 
20% adhesion calls for 75 net tons on drivers. This is about 
double the weight on drivers of the average steam passenger 
locomotive, and the figure 0.7 cents per train-mile, obtained 
in actual service under conditions very severe in respect to 
maintenance of electric equipment, by reason of the presence 
of great quantities of brake-shoe dust, is to be compared with 
the cost of maintenarfce of steam locomotives exclusive of 
running-gear, frame, cab, and those other parts common to 
both electric and steam equipment. 


3. WILKES-BARRE & HazLETON В.В. 


Operation for the year 1905: 

Equipment comprises motor cars weighing 43 tons without 
passengers, and equipped with four 125-h.p. motors and mul- 
tiple-unit control. 

Effective draw-bar pull (20% adhesion) = 17,000 Ib. 

Speed of operation in local service = 30 miles per hour. 

Total length of run = 27 miles. 

Average number of stops = 6. 

Car-mileage operated in 1905 = 262,947. 

Cost of repairs and renewals of electric motors = $1,021.70 = 
0.39 cents per car-mile. | 

This road operates in a mountainous country, ranging in 
elevation from about 500 ft. to 1700 ft. above sea-level. About 
one-third of the length of the road is on a grade of 3%. 


4. LACKAWANNA & WyoMiNG VALLEY RAILROAD. 


Operation for a period of four months ending October 31, 1906: 

Equipment: a, 16 passenger cars, 77,500 lb. each; b, 14 pas- 

.senger cars, 64,500 lb. each; c, 4 freight and express motor 

cars, 61,300 Ib. each; d, 1 electric locomotive. 94,600 Ib. 
Car-mileage operated = 527,554. 
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Repairs and renewals of electric СОВЕ = $4,450.43 = 
0.84 cents per car-mile. 


5. NIAGARA, BUFFALO & LockPonT RAILROAD. 


Operation for a period of six months ending Nov. 30, 19006: 

Equipment: passenger cars weighing about’ 60,000 1b., driven 
by four direct-current motors. 

Average speed outside of Buffalo city limits, 20 fhiles an 
hour. Approximate number of stops one way trip: 30 on Buf- 
falo & Niagara Falls division, and 6 on Buffalo & Lockport 
division. | 

Length of run outside of Buffalo, approximately 20 miles. 

Car-mileage operated, 1,309,682. 

Repairs and renewals of electric equipment, 0.79 cents per 
car-mile. 


б. RETE ADRIATICA-VALTELLINA LINE. 


Perhaps the best instance of electric operation directly com- 
parable with cost of steam operation 1s afforded by the records 
of the actual results realized on tHe Valtellina line where both 
freight and passenger traffic are operated over a line 66 miles 
in length, traversing a very rugyed country and in the winter 
exposed to severe climatic conditions. The equipment for the 
year ending July 1,1904, comprised 10 motor cars and five 70-ton 
locomotives. The service performed amounted to 61,934,569 
ton-kilometers. The average annual mileage of motor cars and 
locomotives amounted to 54,351 kilometers, while the steam 
locomotives superseded by electric equipment never exceeded 
an average of 29,000 kilometers. 

The total cost of electrical and mechanical repairs to loco- 
motives апі motor cars, for the year ending July 1904, works 
out at 1.4 cents per locomotive or motor car-mile. The rolling 
stock used on this line 1s excellent in design and construction 
and is particularly well adapte to operate in railway service 
at low cost of maintenance, by reasun of the fact that three- 
phase motors and water rheostats are employed instead of com- 
mutating motors and switch-control. The equipment has not 
been operating long enough to have reached the point where 
renewals, as distinguished from repairs, have become necessary. 

Summarizing the foregoing we have the following: 
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Repairs of elec- 
tric equipment 
Tractive effort of єашуаі пі 
2095 adhesion electric loco- 
motive.  Esti- 
mated. 
Manhattan Railway 22,000 1Ь.......... 0.57 
Subway tra'n 33,000 “*©......... 0.7f 
Wilkes-Barre & Haz- —— 
leton R.R....... 17,000 '* ..... TON 0.387 (actual) 
Lackawanna & Wyo- 
ming Yalley R.R. 14,000 “ ......... 0.847 $ 
Niagara, Buffalo & _ 
Lockport R.R... 12,000 “........ 0.797 d 
Rete Adriatica-Valtellina line.......... Complete cost of 
Freight locomotives................... ( 1.64 maintenance of 
Passenger саг5....................... | locomotives and cars. 


It may be conceded freely in respect to the foregoing data 
that they are neither sufficiently comprehensive in scope nor 
extended in respect to duration of service to justify definite 
and final conclusions. It must be noted also on the one hand 
that the cost of maintenance may be expected to.decrease by 
reason of further improvement in the construction of apparatus 
of comparatively new types, and on the other hand that the 
costs given are for inspection and repairs rather than renewals, 
since the time has not arrived when any of this equipment 
has been thrown aside and replaced by new equipment charged 
to this item of operating expenses as is usual with steam railways. 

The reports of the Interstate Commerce Commission do not 
show what proportion of the item, '' Repairs and renewals of 
locomotives " is chargeable to renewals, but from inspection 
of detailed reports of our most important railway systems it 
seems fair to assume that in the case of the average railway 
from 4% to 5% of the total cost of repairs and renewals of 
locomotives represents the cost of renewals. 

Taking into account all of the various considerations which 
must affect the conclusions in the general case, so far as we 
have been able to gather them, we are of the opinion that for 
equal draw-bar pull, the repairs and renewals of electric equip- 
ment of locomotives, assuming good design and construction 
according to present standards of the art, should not exceed 
1 cent per locomotive-mile, and will probably approximate 
0.9 cent per locomotive-mile. 

Taking the higher figure, it is evident that the substitution 
of electric equipment for all parts of a steam locomotive other 
than frame, wheels, axles, cab, and other parts which are com- 
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mon both to electric and steam locomotive construction, a 
very great saving is effected. We have been unable to fix with 
satisfactory exactness a figure representing the average cost of 
repairs and renewals of these parts, but it would seem liberal 
to allow 1.5 cents per locomotive-mile, this being equivalent 
to an allowance of something over $400 per annum per locomo- 
tive. Taking this figure and adding the estimated costs of re- 
pairs and renewals ef electric equipment, we have 2.5 cents per 
locomotive-mile as the estimated total cost of repairs and 
renewals of electric locomotives, performing the average work 
now done by steam locomotives. 

In 1904 theaggregaterevenue train-mileage operated wasabout 
1,050,000,000. To cover locomotive mileage in switching, oper- 
ating work-trains, and pushers we assume 1,300,000 locomotive- 
miles. In 1904 the aggregate repairs and renewals of locomo- 
tives was $105,633,752, the average cost per locomotive-mile, 
therefore, being 8.1 cents. А reduction of 2.5 cents, therefore, 
is equivalent to a saving of 70% in the cost of this item, or 
5.256% of operating expenses, reducing this item to 2.2539, 
of total operating expenses under electric operation. 

In the foregoing consideration of the item repairs and. re- 
newals of locomotives, we have assumed equal locomotive 
mileage per day in steam and electric service. The item of 
expense under consideration will be proportional approximately 
to the mileage, and therefore we have made the comparison 
upon this basis. 

The relative number of locomotives required for a given 
service is, however, a question of much importance and may 
be here appropriately referred to. 

According to the report of the Interstate Commerce Commis- 
sion for 1904, the aggregate train-mileage operated in the United 
States as above stated was 1,050,000,000. The locomotives in 
service numbered 46,743. The effective train-mileage, not in- 
cluding work-trains, pushers, or shifting mileage, was 58 miles 
per locomotive per day. We have been unable to ascertain from 
the report of the Commission what percentage should be added 
to this figure to cover accurately the locomotive mileage of 
work-trains and shifting and to take account of double headers 
and pushers, but inspection of the report of a number of our 
leading railways indicates that the effective train mileage 
averages from 70% to 75% of the locomotive mileage. It 
follows, therefore, that the daily run of the average locomotive 
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in the United States is approximately 80 miles. Naturally 
there is a wide variation in the performance of locomotives on 
various lines; e.g., passenger mileage as shown by reports of 
some of our leading railways varies from 90 miles to nearly 200 
miles a day and individual cases are reported of locomotives 
making as much as 300 miles a day. | 

The average freight locomotive is actually on the road not 
more than 6 hours in each 24-hour period, and the same figure 
is approximately correct for the average passenger locomotive. 
In the case of electric locomotives there is no reason, so far as 
the mechanism is concerned, why it cannot be kept in prac- 
tically continuous service. Ordinary inspection and maintenance 
require very little time, and if the equipment be well designed and 
constructed repairs of magnitude will be necessary only at 
intervals very infrequent as compared with steam practice. 

The fact that the average daily run of the average locomotive 
is approximately 80 miles, is due in large measure to causes 
which would still exist were electric locomotives substituted. 
The time spent by freight locomotives in yards and terminals 
making up trains or awaiting opportunity to take their place 
in the processions of trains which in these days are demonstrat- 
ing the insufficiency of track equipment for the business of the 
country, is a large factor. Perhaps this would not be greatly 
modified were electric locomotives employed. But other consid- 
erations which operate to reduce average mileage are the facts 
that the steam locomotive spends a large part of its life in the 
repair shop, and a still larger part in firing up and preparing 
for its work and in withdrawing fires, having boiler tubes 
cleaned, etc., after its daily run. Nothing short of years of 
actual experience can establish definitely the ratio of electric to 
steam locomotives required in average service, but it seems 
reasonable to assume that this ratio will not exceed 2 to 3 
and will probably approximate 1 to 2. It will be noted that 
the foregoing estimate of cost of repairs and renewals is inde- 
pendent of any assumption as to the relative number of loco- 
motives required since it is reckoned on locomotive mileage. 

Item 13. “ Repairs and renewals of passenger cars." In 
casés where electric locomotives are substituted for steam loco- 
motives, there should be some reduction in this item. Paint- 
ing should be considerably reduced by reason of the elimination 
of smoke. The life of the upholstery and interior decoration 
of the car will be increased. | 
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Item 14. “ Repairs and renewals of freight cars." This 
item will be favorably and very materially affected if 1t should 
ever prove practicable to operate heavy freight trains by loco- 
motives located at intervals throughout the trains and con- 
trolled by the multiple-unit system. As has been pointed out, 
however, this will become practicable only when a large propor- 
tion of the freight cars in use are supplied with electric train 
line equipment. The bare possibility of this at present may 
seem fanciful, but those who realize the extent to which the 
wear and tear of freight cars results from the terrific strains 
to which the draft-gear is subjected under present operating 
conditions, especially on mountain grades, and who under- 
stand also the increase in track capacity and decrease in cost 
of train crews which would result in the adoption of a system 
which makes it possible, if necessary, to double the length 
and weight of the longest and heaviest freight trains now: 
in use, will be ready to give this possibility serious considera- 
tion. The mere substitution of electricity for steam without 
altering the present make-up of trains, so far as location of 
the locomotive is concerned, makes it possible to operate 
two or more locomotive units at the head of the train, and 
to utilize their power to the utmost by multiple-unit control 
operated by a single operator on the leading engine. 

Assuming that the methods of train operation remain the 
same, the adoption of electricity will still effect a reduction. 
in the cost of Item 14, and for two reasons, viz; 

1. The practical elimination of damage by fire which now 
frequently is superimposed upon damage caused by collision 
or derailment. 

2. Reducting the wear and tear of wheels and brake equip- 
ment in descending long grades, by reason of the opportunity 
afforded to break the trains by causing the motors to operate 
as generators. On lines where grades are heavy and of consid- 
erable length, the saving thus effected will be large. Generally 
speaking, the energy developed by the motors working as gen- 
erators will be returned to the overhead circuit and utilized in 
coóperation with energy from the power house to furnish power 
to trains on the same division which may be ascending the 
grade. 

No statistical data are available upon which to base an esti- 
mate of the probable reduction in this item to be expected from 
this cause. On comparatively level lines it will not be import- 
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unt, but on mountain-grade divisions it should operate to pre- 
vent a very large proportion not only of wear and tear directly 
due to grade but also of the destructive freight wrecks which 
are now so frequent. In the way of an estimate, nothing more 
definite than a guess based upon consideration of probabilities, 
and the views of various operating officials, can be advanced; 
but in the opinion of the writers the general substitution of elec- 
tricity for steam operation in freight service should reduce 
this item from 7.657% to something like 6% of operating ex- 
penses. - 

Item 15. ' Repairs and renewals of work cars,' 
changed materially. 

Item 16. “ Repairs and renewals of marine equipment," ob- 
viously will not be changed. 

Item 17. “ Repairs and renewals of shop machinery and 
tools," will be reduced under electric operation since the 
repairs to locomotives will be radically decreased as shown and 
since the tool equipment required for the electrical machinery 
is materially less expensive and varied. 

It would seem reasonable to expect that this item would be 
reduced from 0.6626, to about 0.5% of total operating expenses. 
Of course a large proportion of the shop machinery and tools 
are for ^ar repairs. 

Item 18. ' Stationery and printing," will not be changed. 

. Item 19. “ Other expenses." The classification of operating 
expenses includes under this item '' all expenditures for account 
of electric light, torches and lamps used in machinery depart- 
ment, shops, roundhouses and offices and the oil and material 
for the same; the proportion of labor and material for the proper 
operation and repair of electric lights used in connection with 
other departments; wages of engineers and firemen and the cost- 
of fuel and water in operation of stationary engines or boilers 
for supplying power and heat to shops, buildings and round- 
houses." 

Other factors comprised are comparatively small and it is 
evident that the ability to use electricity for light and power 
purposes in shops, roundhouses and offices produced at a works 
cost of 0.6 cents and delivered to the point of consumption at 
a figure which on the average will approximate 0.75 cents will 
effect a material reduction in this item. We estimate that it 
will be reduced to about 0.4 cents. 


will not be 
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CONDUCTING TRANSPORTATION. 


Item 20. “ Superintendence," will not be changed. 

Item 21. '' Engine and roundhouse men," includes in addi- 
tion to the engine crew, round-house men whose work, of course, 
is chiefly in connection with the cleaning and maintenance of 
the engines. This item averages for the railroads of the United 
States 9.451% of the operating expenses, of which 91%, or 
about 8.6% of the operating expenses are for engine men and for 
firemen. Of this 8.6% approximately 5.5% is for engine men 
and 3.1% for firemen. | 

In considering the substitution of the electric locomotive 
for the steam locomotive it is obvious that the change elimi- 
nates the work which the fireman is employed to perform. The 
point is frequently made, however, that to reduce the engine 
crew to one man means an increase in the risk incurred in train 
operation and this point obviously is of such importance as to 
require careful consideration. 

If we compare conditions which now exist upon such systems 
as the Manhattan Elevated with the conditions which existed 
before electricity was adopted, it seems reasonably clear that 
with a competent motorman operating a controller which in- 
stantly cuts off power and applies the brakes in case the hand 
of the motorman is removed from the handle of the controller, 
the safety of trains and passengers is assured in higher degree 
than it was under the old conditions. The usual argument 
against the elimination of the fireman is of course, found in the 
allegation that in case of the sudden death or serious illness of 
the engineman the fireman can take his place and bring the 
train to a stop or operate it to the next station. The control- 
ler which automatically cuts off power and applies the brakes 
cannot operate the train to the next station, but it can stop it 
much more promptly than the fireman possibly can, even when 
he is so located upon the engine as to be in sight of the engine- 
man. 

But a very large proportion of our steam locomotives are 
now designed in such a way that the engineman is not in sight 
of the fireman, and the mechanism of the steam locomotive 
which he controls has no automatic device for shutting off power 
and applying the brakes in case he suddenly dies at his post. 
In such an emergency on trunk-line railways there would be 
some advantage in the presence of the fireman, owing to the 
fact that if competent he could operate the train to the next 
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station. This point might be met by having the train conduc- 
tor or brakeman or flagman qualified to operate the electric 
train to its destination in case of accident to the motorman. 
The degree of skill required, so far as actual manipulation of 
the mechanism 1s concerned, would be far less than in the case 
of the fireman who might in emergency be entrusted with the 
responsibility of operating the steam train. 

It would seem, therefore, that there can be no question of 
the reasonableness and safety of entrusting the operation of 
an electric locomotive to one man, provided the control system 
is equipped with effective appliances arranged to cut off the 
power and apply the brakes in case the motorman's hand 
leaves the hand of the controller. 

As regards the wages of the engineman, the Manhattan Rail- 
way decided to pay its motormen the same wages which it had 
paid its enginemen. This decision was based largely upon 
consideration of the fact that familarity with the road and 
experience in operating trains under the extremely close 
headway prevailing upon this system were of such importance 
that any risk which might be incurred by substituting new men 
must be avoided. The great majority of electrically equipped 
railways operating under conditions similar to the Manhattan, 
however, pay their motormen wages comparable to the wages 
of the men who operate street cars rather than to the wages of 
locomotive enginemen. 

The work required of the motorman operating an electric 
train is far less onerous and is performed under conditions 
much less severe than is the case with the locomotive engine- 
driver, nor is the motorman in order effectively to perform his 
duties required to serve years of apprenticeship during which 
he must become familiar with the complicated mechanism un- 
der his control and competent to make upon the road any or- 
dinary emergency repairs. The work required being relatively 
easy, the apprenticeship comparatively short, and the mechan- 
ical knowledge necessary greatly reduced, it is reasonable and 
proper that the compensation of the motorman, under average 
conditions, should be less than that of the engineman. 

Apart from the attitude to be expected upon the part of em- 
ployees, and aside from any question of sentiment, however, 
the management of a railway contemplating the substitution 
of electricity for steam would not be justified in lowering the 
standard so far as character and judgment are concerned, which 
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are requisite for the motorman equally with the engineman. It 
must be remembered also that familiarity with the road and 
with signals, etc., are as important in his case as in that of his 
predecessor. 

It is impossible of course to fix with definiteness a figure 
representing the wages of the motorman in railway service as 
compared with that of the engineman whom he may succeed, 
but it seems reasonable to assume that under average conditions 
the services of thoroughly competent motormen can be ob- 
tained at a figure which will represent a reduction of 1% in oper- 
ating expenses, making this item 4.5% instead of 5.5%. 

The expense for round-housemen, which under steam opera- 
tion is about 8.595, will be greatly reduced both by reason of 
the reduction in the number of locomotives required for a given 
service and also by reason of the demonstrated less cost of 
maintenance per locomotive unit. It is entirely liberal to 
allow for this item one fourth of its cost in steam operation, 
the saving here effected being equal to 0.64% of the average 
operating expenses of steam railroads in the United States. 

The estimated cost of the item under consideration, there- 
fore, is 4.71% of total operating expenses. 

Item 22, ‘‘ Fuel for locomotives." One of the marked eco- 
nomies resulting from the substitution of the electric motor 
for the steam locomotive in railway operation 1s in the reduction 
of the fuel account. The cost of fuel upon the average steam 
railway in the United States for the five years 1901 to 1905 
inclusive constituted 11.292€, of total operating expenses» The 
aggregate cost in 1905 was $156,429,245. 

The following figures show comparative fuel consumption 
upon the Manhattan Railway during the year ending June 30, 
1901, when steam locomotives were employed and during the 
year ending June 30, 1904, when electricity was used. During 
the period first mentioned one pound of coal produced 2.23 
ton-miles, if the weight of the locomotive be included, and 
1.5 ton-miles, if the weight of the cars only be considered. 

During the latter period (electric traction) one pound of 
coal burned at the power house produced 3.85 ton-miles, ex- 
cluding weight of locomotives; therefore, the ratio of ton-mileage 
per pound of coal in favor of electric operation was 2.57 to 1. 
Including weight of locomotive it was 1.72 to 1. 

The average speed under electric operation was approxi- 
mately 2 miles an hour greater than that attained by steam, 
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and if correction be made for this difference the ratio of 
ton-mileage per pound of coal excluding weight of locomo- 
tives 15 approximately З to 1, and including locomotives 2 to 1 
in favor of electric traction. It should be noted also that 
in this case the coal burned at the power house was of lower 
grade, and therefore less expensive than that used by the loco- 
motives, and it is reasonable to expect that in general electric 
traction will mean utilization of cheaper fuel. 

We would point out that the argument from Manhattan 
experience cannot be met by the statement that the Manhattan 
is not an average railroad. Were the steam and electricappara- 
tus now operating the Manhattan lines applied to the operation 
of a division of a trunk-line railway, the one part of the sys- 
tem which would be affected in respect to efficiency is the high 
potential transmission lines, and the effect of their greater length 
in general would be to increase the relative fuel consump- 
tion of the electric system by not more than 595. For trains 
drawn by locomotives the fuel account (coal only) under elec- 
tric operation would still be approximately one-half of the cost 
of the fuel for steam operation, and for passenger service using 
multiple-unit equipment it would be less than 40% of the fuel 
used in equivalent steam service, even if we assume that the 
system of alternating transmission and conversion to direct 
current by synchronous converters be employed. 

The advantage in favor of electric operation is of course 
more marked if we assume that alternating-current equipment 
is to be used, as in general would be the case in the electrifica- 
tion of trunk lines or long divisions. In a particular case which 
we have worked out with great care, the trolley and track rail 
losses average 3.9%, the load factor being 0.33. This is the 
result obtained in using the single-phase system for the equip- 
ment of a division approximately 40 miles in length, the 
potential being 11,000 volts. The grand average of traffic 
in the United States does not exceed seven trains per day pass- 
inp a given point in each direction, and the trolley and track 
rail energy losses for this traffic would be less than 2%. 

Assuming that such a trolley voltage is used in connection 
with a fceder potential of say 40,000 to 60,000 volts, the allowable 
loss in these feeders at maximum load certainly will not exceed 
1075 and the energy efficiency of step-up transformers, trans- 
mission feeders, and step-down transformers will be 92%. 
Combining this figure with the energv efficiency of trollev and 
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track, as above stated, the resultant efficiency from bus-bars 
of power house to the train will be 90%. 

The works-cost of a kilowatt-hour at the bus-bars of the 
Manhattan plant is less than 0.6 cent when coal costs $3.00 
per ton, this coal having a calorific value of 14,000 B.t.u. per lb. 
This cost includes fuel, water, labor, maintenance, miscellaneous 
supplies, and in short everything except capital charges. It is 
not abnormally low, the cost of both coal and labor being 
relatively high as compared with the grand average cost of equiv- 
alent coal and labor throughout the United States. Where fuel 
is less expensive, as in the middle West, large modern plants, 
using steam turbines, are producing the average kilowatt-hour 
at a price not exceeding 0.5 cent exclusive of capital charges, 
and in at least one case at a works-cost approximating 0.4 cent. 

As will be shown hereinafter, were all the railroads of the 
United States to be operated by electricity, the average plant 
required, assuming power to be transmitted 150 miles, would 
approximate 4,000 kw. if the plants supplied but a-single line 
300 miles in length. The great bulk of the total power supplied, 
however, would be derived from large plants in which the cost 
of producing the unit of energy, considering average costs of 
fuel and labor, should be less than 0.6 cent. While the small 
plants would exceed this figure we believe that as a grand aver- 
age 0.6 cent is ample to cover the case. In this connection, 
it may be remarked that water powers and other sources of 
cheap power supply would tend to keep down the average cost 
of power under the assumed condition of electrification of the 
entire railroad system of the country. 

In the case of the single-phase, 25-cycle motor, assuming the 
average length of run for freight trains to be 15 miles and for 
passenger trains 20 miles, we have calculated that of the energy 
delivered to the locomotive approximately 86% will be effective 
fort raction in the case of the passenger locomotive, which is gear- 
less, and about 84% in the case of the freight locomotive, 
which uses single-reduction gear. Combining the two, it is 
safe to say that of the energy supplied at the bus-bars in the 
power house not less than 75% will be effective for traction in 
the average locomotive equipped with this apparatus.* 

The cost of a kilowatt-hour effective for traction therefore 


'*For the motor curves upon which these figures are based, we are in- 
debted to the courtesy of the Westinghouse Electric & Mfg. Co. 
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is 0.8 cent and the cost of a horse-power hour effective for 
traction about 0.6 cent of which 0.35 cent is for fuel when coal 
of 14,000 B.t.u. per lb., costs $3.00 per ton of 2240 1b., and 
0.25 cent is for other power-house supplies, power-house labor, 
and maintenance of power-house equipment. 

As we have stated, the railroads of the United States in 
1905 used coal costing $156,429,245. For the purpose of es- 
timating the cost of equivalent electric power the following 
data are necessary, of which those marked by an * are fur- 
nished by the report of the Interstate Commerce Commission 
while the others involve certain assumptions: 


PASSENGER SERVICE 


*Passenger train-miles. 
Passenger car-miles. 
* Passenger-miles. 
Average weight of passenger trains: 
a. Weight of locomotives. 
b. Weight of cars. 
c. Weight per passenger. 
Average speed of passenger trains. 
Average length of run. 
*Mail and express train-mileage. 
Average weight of mail and express trains. 
Non-revenue ton-mileage. 


FREIGHT SERVICE 
*Freight train-mileage. 
*Freight car-mileage. 
* Revenue freight ton-miles. 
Average weight of freight trains: 
a. Weight of locomotive. 
b. Weight of cars. К 
Average speed of freight trains. 
Average length of run. 
Non-revenue ton-mileage, work-trains, switching, etc. 
Referring to the several items in the foregoing lists not di- 
rectly derived from the report of the Interstate Commerce 
Commission the assumptions made are as follows: 


PASSENGER SERVICE 
Passenger Car-Miles: These we have calculated from the 
stated train mileage and the assumption that the average 
number of cars per train is 9.5. 
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Average Weight oj Passenger Trains: We assume, 


a, Weight of the average locomotive exclusive of tender equals 
60 tons; this is the weight of the average passenger locomotive 
used by the Erie system; 

b, Average weight of ordinary passenger coaches without 
live load equals 30 tons. This weight is somewhat in excess 
of the average weight of cars used by a number of railroads using 
roling stock undoubtedly representative of the average in 
use throughout the country. To this we have added 10% in 
estimating train weight to cover additional weight of Pullman 
cars. 

c, Average number of cars in trains. We assume five and 
a half cars per train which is approximately correct for a num- 
ber of the more important railroads and is probably slightly 
above rather than below the grand average. 

d, Weight per passenger. We have assumed an average weight 
of 140 lb. 


Average Speed of Passenger Trains: Referring to Fig. 5, 
the curve expressing the variation in the amount of energy 
required for traction as dependent upon average length of run 
between stations, shows that the increase resulting from a 
decrease in length of run from 20 miles to 10 miles is but 10%. 
If the average length of run be further decreased to 5 miles. 
the increase of energy for traction as compared with that re- 
quired for a 10-mile run is approximately 18%. 

Including energy required for heating and lighting the cars, 
it is not far from accurate to assume 33 watt-hours output at 
power-house per ton-mile in average passenger service. 


Average Length of Run: We have assumed, as stated, 33 
watt-hours at power house per ton-mile including light and 
heat. This corresponds to an average run of 10 miles. 


Average Weight of Mail and Express Trains: We have as- 
sumed average weight of mail and express trains to be the 
same as that of the average passenger train, viz., 180 tons 
without locomotive or live load. 


Non-Revenue Ton-Mileage: This is assumed at 10455 to cover 
'" double-headers" and switching. For the entire Erie system 
the actual figures approximate 7%, and the assumption of 
1095 is slightly less favorable to electric traction than the 
facts would probably warrant. 
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FREIGHT SERVICE. 


Average Weight of Freight Trains: As regards freight service, 
in estimating the average weight of trains we have assumed 
the following: 

a, Weight of locomotives equals 79 tons. This is the actual 
average of the freight locomotives of the Erie system exclusive 
of tender. 

b, Weight of cars equals 15 tons. This figure closely ap- 
proximates the average weight of all freight cars belonging to 
the Erie Railroad Company. 


Average Speed of Freight Trains: Our curves (Fig. 6) are 
based upon a gear ratio which produces on straight and level 
track a maximum speed of 25 miles an hour. 

Determination of the error involved by any mistake in our 
assumption of the average speed in freight service is facilitated, 
which shows. for example, the following relations: 


Average speed Average watt- 
including 60 hours per ton- 


Maximum seconds stop mile at power 
Speed miles per hour station 
20 19 17 
25 23 18 
30 27 19 


Average Length of Run: We have assumed that for all 
freight service the average length of run is 15 miles. The 
actual average length of run may vary considerably from the 
distance assumed without causing material error in our calcu- 
lation as shown in Fig. 6. 


Non-Revenue Ton-Mileage: We have added 1507. to the 
total revenue earning ton-mileage. 

Basing our calculations upon the foregoing statistical facts 
and the assumptions noted, we estimate that for the operation 
of the entire freight and passenger service of the United States 
as existing in 1905, the aggregate energy required at bus-bars 
of power houses would approximate 12,500,000,000 kilowatt- 
hours per annum. 

At 0.6 cent per kilowatt-hour the total cost of energy for 
traction, for the operation of all auxiliaries, and for the supply 
of light and heat to passenger trains would closely approximate 

76,000,000 per annum. This figure represents a saving of about 
$30,000,000 as compared with the coal used by steam locomotives 
in the year 1905. 
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Referring to the table, the average cost of this item for 5 
years, viz., 11.292095, would be reduced by electric traction to 
5.933%. 

Item 23. “ Water supply for locomotives.’ 
eliminated if electricity be substituted for steam. 

Item 24. “ Oil, tallow, and waste for locomotives.” This 
item should be considerably reduced. We assume that it will 
be reduced to 0.25%. 

. Item 25. “ Other supplies for locomotives.’ 
change in this item. 

Item 26. “ Train service." This item is not changed. 

Item 27. *‘ Train supplies and expenses." This item among 
many others includes the following which will be changed by 
the substitution of electric motive power, viz.: '' Heating, 
lighting, cleaning and lubricating cars, including the cost of 
supplying and pumping gas into cars.” 

In discussing Item 22, we have included in the estimate of 
electric power required energy sufficient to light all cars three 
hours out of every twenty-four. We have also included energy 
sufficient to heat all passenger trains by electricity an average 
of three months per annum. Both of these are important 
items. The cost of cleaning the cars should also be reduced 
by the elimination of smoke and cinders from the locomotives. 
All things considered we believe it is fair to assume that under 
electric operation this item will approximate one per cent. of 
operating expenses. 

Item 28. '" Switchmen, flagmen, and watchmen” will not 
be changed. 

Item 29. '' Telegraph expenses." In general it is not to be 
expected that the large amounts of power required for train 
operation can be transmitted electrically under conditions 
which make it necessary to parallel telegraph lines by power 
circuits without more or less interference with the telegraph 
and telephone service. Certain technical questions in regard 
to methods of preventing interference remain to be worked 
out. The erection of overhead circuits carrying power supply 
will involve generally more or less shifting of the location of 
the telegraph lines. This item of expense is taken care of in 
our estimate by inclusion of the cost of overhead construction, 
.and is treated as a capital account. 

Telegraph circuits being rearranged with reference to the power 
circuits. or equipped with one or another of the devices which 
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have been suggested as preventives of difficulties resulting 
from inductive effects of the power circuits, it might be assumed, 
perhaps with safety, that Item 29 would not be changed, but 
we are inclined to the opinion that there will be a slight increase 
in the cost of this item even under the best plans heretofore 
proposed, and we therefore increase it in our estimate to 0.2%. 

Item 30. ' Station service." Examination of the factors 
constituting this large item indicates no material change. 

Item 31. “ Station supplies." This item includes among 
many others the following, viz., “ All expenditures for account 
of heating and lighting depots, waiting rooms, freight and 
passenger offices and other station buildings; fuel and supplies 
for engines operating freight carriers on docks, wharves and 
piers to convey freight between boats and cars; supplies used 
for stations and yards, signal lights, street lights, switch lights, 
semaphore lamps, etc., also bills of municipalities for lighting 
highway crossings.” 

The ability to employ conveniently for the lighting of im- 
portant passenger stations and yards, electricity delivered at 
the point of consumption at a cost which, exclusive of capital 
charges upon power plant, closely approximates 0.6 cent per 
kilowatt-hour, to substitute electric motors for engines now 
used to operate freight carriers on docks, wharves, and piers, 
and to avail conveniently of electric hoists and telpher systems 
all these are important advantages incident to the adoption of 
electricity. For lighting and incidental power service of this 
kind, equivalent to that with which railroads are nowapparently 
satisfied, the change would undoubtedly mean reduction in 
cost. We will let it stand as it is, however, and would point 
out the fact that without increasing the cost of this item, a 
great improvement in facilities for handling freight at docks 
and wharves and for lighting passenger stations and yards will 
result from the substitution of electric power. 

Items 32, 33, and 34. viz, “ Switching charges, balance,” 
““ Car per diem and mileage, balance," and “ Hire of equipment, 
balance," will not be changed. 

Item 35. ‘‘ Loss and damage," Under this item the import- 
ant factors which will be affected by the substitution of elec- 
tricity for steam are the following: viz., " Charges for loss, 
damage, delays or destruction of freight, parcels, express matter, 
baggage and other property entrusted for transportation 
(including live stock received for shipment) and all expenses 
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directly incident thereto. * * * Charges for damages to or 
destruction of crops, buildings, lands, fencing, vehicles, or any 
property other than that entrusted for transportation, whether 
occasioned by fire, collision, overflow, or otherwise; also ser- 
vices and experises of employees or others while engaged as 
witnesses in the case of suits." 

For reasons which have been referred to in our discussion of 
the subject '' Safety," it is clear that there should be a mater- 
ial reduction in the charges for loss due to destruction of freight, 
etc. 

Another saving will result from the practical elimination by 
reason of damage of fire, which now not infrequently is caused 
by sparks from locomotives. 

These savings will be offset to some extent by damage due to 
telegraph, telephone, or other wires coming in contact with the 
power circuits of the railway, unless reasonable care be exercised 
in preventing such accidental contact by the adoption of proper 
precautions when the electric equipment is installed. 

In our estimate we have reduced item 35 to 0.75%. 

Item 36. Injuries to persons." ‘‘ This account includes all 
charges on account of employes or other persons killed or in- 
jured except lawyers’ fees and court expenses." | 

For reasons referred to under the heading “ Safety ’’ some re- 
duction in the number of passengers and employes killed and 
injured in railway accidents may be expected toresult from the 
use of electricity. The risk of fire following collision being 
materially reduced, we should anticipate a relatively greater 
reduction in the number of passengers and employees killed in 
accidents caused by collision or derailment than in the number 
injured and a reduction in the average severity of non-fatal 
injuries may also be expected. On the other hand, a certain 
number of deaths and injuries will result directly from the use 
of electric power in large amount, by accidental contact with 
charged conductors. These accidents, however, should not be 
frequent if care is taken in the installation and proper main- 
tenance of the electric equipment. 

In the year 1904, of 10,046 fatal casualties reported by the 
Interstate Commerce Commission '' 3,632 were sustained by 
employes, 441 by passengers and 5,973 by other persons. Of 
this last number 5,105 were reported as trespassing, from which 
it may be presumed that the railways are in no sense legally 
responsible for the deaths in question; suicides are included in 
this class." 
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“The number of injuries sustained by employees during the 
year was 67,000. The number of injuries sustained by pas- 
sengers was 11,111 and the number of injuries sustained by 
persons other than passengers and employees was 7,977." 

As regards the expenses included under item 36, we have no 
data indicating how these are divided other than the fact that 
the railroads apparently were put to little if any expense on 
account of about 80% of those persons other than passengers 
and employees who were killed and injured. While it is pro- 
bable that a large part of the expenditures were on account of 
passengers killed and injured, and while any reduction in fatal 
and serious accidents to passengers therefore would materially 
affect this item, we have thought it best in the absence of 
satisfactory data to leave it practically as it stands, our estimate 
being 195. 

Item 37. “ Clearing wrecks.” In our opinion this item will 
be reduced under electric operation for reasons which have 
been sufficiently indicated in what we have said in regard to 
item 35. It would seem that 0.2% is a fair estimate of its prob- 

able amount. | 
. The following items will not be changed: 
Item 38, “ Operating Marine Equipment." 
Item 39, '' Advertising." 
Item 40, '' Outside agencies." 
Item 41, ‘‘ Commissions." 
Item 42, “ Stock yards and elevator." | r 
Item 43, “ Rents of tracks, yards and terminals.” 
Item 44, “ Rents of buildings and other property." 
Item 45, '' Stationery and printing." 
Item 46, “ Other expenses.” 


GENERAL EXPENSES 


As regards the several items included under the heading 
'" General expenses," the adoption of electricity will cause no 
material Change. 

Our approximate estimate of the expenses chargeable vo 
operation if electricity were in use to-day for the opera- 
tion of all the railways in the United States, as: discussed 
in the foregoing pages, is recorded in detail, item for item, in 
the last column of the tabulated data in Table I; these 
data with the exception of this column of estimates being the 
official records of the reports of the Interstate Commerce Com- 
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mission. When considered in detail, the estimates are natur- 
ally subject to criticism more or less destructive, as in respect 
to many items we have not found opportunities to secure and 
investigate the great mass of detailed data showing in segre- 
gated form the scores of factors which are included in the aggre- 
gates appearing as single items in the summarized table of oper- 
ating expenses; but while recognizing fully the imperfections 
and incompleteness of the attempted comparative analysis, 
we believe that the conclusions reached are correct within a 
reasonable degree of approximation. 

According to our estimate, if all the railways of the United 
States were to-day operated by electricity using the single- 
phase alternating-current system at the potential adopted for 
the equipment of the New Haven Railroad, the energy required 
for operation being developed by power plants such as are to- 
day in extensive use and transmitted at potentials well within 
limits established in practical service, and if the rolling stock 
equipment consisted of locomotives and multiple-unit trains 
htted with motors and control apparatus no better than the 
best which now exist, the aggregate cost of operation which in 
1905 amounted in round numbers to $1,400,000,000, would be 
reduced by about $250,000,000. 

To accomplish this result, power plants delivering about 
12,500,000,000 kilowatt-hours per annum would be required. 
Assuming the radius of transmission from power houses to be 
150 miles, the load-factor in railway service should be not less 
than 0.75, and taking this figure it appears that power plants 
capable of delivering a maximum output of about 2,800,000 
kilowatts will be sufficient to operate the entire railway service 
of the United States as existing in the year 1905. The average 
output required is about 10 kilowatts per mile of line and 7 
kilowatts per mile of track. 

:: In 1905 the average gross earnings of our railroads per mile 
of line were $9,598, and the average operating expen&es $6,409. 
The foregoing calculations lead to the conclusion that high- 
class electric equipment now available would reduce this aver- 
age cost to $5,265. The difference is $1,144 per mile of line, 
against which apparent saving must be charged the annual 
interest and depreciation of the power plant, the addition to 
permanent way equipment, comprising overhead construction 
and track bonding, the transmission circuits, and the sub-sta- 
tions with their equipment. Assuming 5% interest on cash 
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cost of these items and allowing 5% for a sinking fund to cover 
depreciation of power house with its equipment and 24% for 
a sinking fund to cover depreciation of the overhead construc- 
tion and distributing system, the aggregate of fixed charges 
works out at $837 per mile of line. The saving in operating 
expenses, therefore, is more than sufficient to take care of the 
increase of fixed charges. In other words, it appears that the 
entire railroad system of the United States could be operated 
to-day at less cost by the electric motor than by the steam 
locomotive. That the railroads in general if so equipped 
would realize a large increase in earning power will be admitted 
by all who have given the subject intelligent attention. 

In charging against electric operation 5% upon cost of power 
plant and 2.5% upon overhead construction, transmission 
circuits, substations, and track bonding, we have departed 
from methods usually adopted in financing of American rail- 
way properties. If no depreciation be charged against the in- 
creased capital account represented by the items named, the 
apparent saving will be materially increased. 

While our estimates have led us to the conclusion that, under 
average existing conditions of railway opération in the United 
States, improved financial results would be attained by the sub- - 
stitution of the electric motor for the steam locomotive, the 
immediate and general adoption of the new motive power by 
our railroad companies is neither possible or desirable. It 
requires no argument to demonstrate the wisdom of making 
haste with deliberation in a matter involving interests of such 
magnitude as those which are tied up with the transportation 
systems of the United States. Recognizing the magnitude 
of these interests and having in mind the fact that the art of 
electric traction as applied upon a large scale to heavy train 
units is yet young, the point which we desire here to empha- 
size is the necessity of conservative and carefully considered 
action up5n the part of all members of this Institute who may 
be called upon to advise in respect to the electrification of rail- 
ways now operated by steam. 

Referring to the following tabulated results, in which we 
have applied the estimated reductions in operating expenses 
under electric traction, amounting to 18% of the present aver- 
age operating expenses to the ten geographical groups into 
which the railroad systems of the United States are divided by 
the Interstate Commerce Commission, the relatively great 
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THE STANDARDIZATION OF ELECTRIC RAILWAY TRACTION 
EQUIPMENT 


Electricity, entering the field hitherto occupied exclusively 
by the steam locomotive, encounters conditions which greatly 
emphasize the necessity of prompt standardization of engi- 
neering practice. The management of our railways, beginning 
by electrifying terminals, tunnels, and mountain-grade divi- 
sions, will inevitably be led to extend these zones of electrifica- : 
tion until they include divisions of very considerable length, 
and even trunk-line systems. To call attention to the trans- 
cendent importance of standarizing the location of such addi- 
tions to permanent way equipment as the overhead trolley 
conductor and the third rail, 15 to demonstrate its necessity. 

Electrical engineers now generally recognize the great value 
of established standards of frequency and potential in plants 
installed for lighting and power purposes. In recent years, 
the Institute, through its Standardization Committee has done 
splendid work for the manufacturer of electrical apparatus, as 
well as for the investor, by using its influence to promote the 
adoption of standards. Not many years ago, however, manu- 
facturing companies, and consulting engineers, were in many 
cases prone to put forward or specify apparatus without refer- 
ence to its ability to operate effectively in conjunction with 
other central station equipment, even when the latter was in 
actual operation in the immediate vicinity of the new plant. 
Fortunately, this tendency was less marked in the United 
States than it was, for example, in Great Britain. What will 
happen from a failure to adopt standards of practice at an early 
stage in the development of an industrial art of this nature, 1s 
well illustrated by the problem now presented 1n London, where 
the engineering advisers of the London County Council are en- 
gaged in studying the problem of how to supply electricity in 
bulk to 62 central-station plants producing electricity in be- 
wildering variety of frequency and potential. 

In the railway field, obviously, general principles are the 
same as in lighting; but wise foresight is more necessary and 
failure to exercise such foresight at this date less excusable. 
Moreover, the advocates of electric traction, unlike those who 
introduced the electric light 1nto commercial service, are called 
upon to deal with a great body of trained engineers and exper- 
ienced managers who are engaged in operating and extending 


1907] ELECTRIC MOTOR vs. STEAM LOCOMOTIVE 5? 


systems of transportation which challenge admiration and ге- 
spect. The rolling stock equipment of our railways, as a whole, 
is justly an object of national pride. The engineers and mana- 
gers directing and controlling these properties are probably 
the equals of any body of men in the world as regards intelli- 
gence and experience. Obviously, it is of the utmost import- 
ance that they who accept the responsibility involved in the 
substitution of electricity for steam in the operation of certain 
parts of our great railways, should'avoid fancies or fads and should 
in every way coóperate in the great work of evolving promptly 
standards of electric railway practice which shall withstand 
the test of time. The comparatively small beginnings of to- 
day will in all probability extend with a rapidity which we can- 
not now realize, and the confusion and loss which will inevitably 
result in the near future, if a variety of electric equipment be 
grafted at different points upon the existing railroad systems 
now operating by steam, may be imagined. The trouble and 
expense caused some vears ago by the existence of several 
gauges of railway track in America were as nothing compared 
with what may result from a failure to establish promptly stan- 
ards of practice in the field of electric railway traction. 

Where to-day are the '' 16,000 alternation" system of light- 
ing, the * 15,000 alternation ” system of lighting, the '' constant- 
current alternating-current arc light system," the ''40-cycle 
system " and the ''monocyclic system?" Where ten years 
from to-day will be the 1200-volt, or the 1500-volt, direct- 
current systems which have been suggested as substitutes for 
high-potential alternating-current systems in heavy electric 
traction? 

While emphasizing the great importance of the early estab- 
lishment of standards in the field of heavy electric traction, it 
must be recognized clearly that further inventions are liable 
at any time to modify views based upon present knowledge. 
The work of standardizing, therefore, should proceed with cau- 
tion; but surely if present knowledge, not only of existing ap- 
paratus but of the lines along which applicable improvements 
must take place, is not sufficient to justify conservative ap- 
plication of the principle of standards, it 1s not sufficient to 
justify the investment of the very large sums which are now 
being expended for electric equipment. 

Engineers constituting the membership of this Institute owe 
it to themselves, as well as to their clients, to use every effort 
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without prejudice and without fad, to prevent waste by oppos- ° 
ing the introduction of apparatus which, from its limitations, 
cannot solve the general problem of railway electrification; 
and it is to be hoped that they will use their united influence to 
fix proper standards as rapidly as this establishment may be 
consistent with progress. 

Fortunately, knowledge of the possibilities and limitations 
of electric apparatus to-day is a very different thing from what 
it was in the early days of electric lighting. At the present 
time we have available theory so complete that electric science 
is less exact only than the science of astronomy and in applying 
this science in constructive work agreement between results 
carefully predetermined by calculation and those realized in 
practice is far closer than in any other cómparable branch of 
engineering. There can be no doubt that it is possible to-day, 
in passing upon such a question, for example, as that of best 
frequency for railway operation to make a choice which shall 
withstand the test of time. 

The necessity of proper standardization is obvious. Spe- 
cifically, it would seem feasible and eminently wise to agree upon 
standards of practice in respect to the following: 

a. Location of third rail. 

b. Location of overhead conductor used with single-phase 
alternating-current system. 

c. Frequency of alternating-current traction systems. 

It is equally desirable, but probably less easy, to agree upon 
a standard system of multiple-unit control for train operation. 


THE QUESTION OF FREQUENCY. 


. While appreciating throughly and desiring to emphasize the 
importance of establishing and maintaining standards, it 1s also 
of the greatest importance that standards should be wisely 
chosen. The choice should be made, if possible, with full knowledge 
of the essential factors involved, and correct perspective view 
of their relative importance. It is with the feeling that so 
far as the frequency 25 cycles per second may be said to have 
become established, considerations obvious at first glance, but 
not properly controlling, may have influenced the choice unduly 
that we desire to present for discussion, the very important 
question whether 25 cycles per second or a lower frequency; 
e.g., 15 cycles per second, is best adapted and should be estab- 
lished as a standard in the equipment of railways by electricity. 
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Final decision of such a question should be left neither to 
manufacturing companies, the management of which may be 
unduly influenced by commercial considerations, affecting its 
own immediate prosperity or convenience, nor should it be 
eft to the individual consulting engineer. It is precisely the 
kind of question which the Institute should pass upon by the 
adoption of a recommendation carefully considered by its Stand- 
ardization Committee. The manufacturing companies, which 
are largely and very influentially represented in the body of 
the Institute, will doubtless be willing to coóperate in the col- 
lection and study of the facts requisite to the formation of a 
well-grounded report. 

While the adoption of a standard by the Institute has the 
force only of a recommendation, the American Railway Asso- 
ciation perhaps might deem it wise to indorse the choice of the 
Institute. Such action on the part of these two bodies would go 
far definitely to establish the standard. 

Comparing the relative advantages of 25-cycles and 15-cycles 
in railway service the salient advantages of the former are the 
following: 

1. It 1s to-day in extensive use in plants developing and dis- 
tributing energy for lighting and power purposes, and through 
sub-stations equipped with converters for the operation of many 
interurban lines. It has been adopted on a verv large scale by 
such companies as the Interborough Rapid Transit Company 
of New York for the operation of 1ts subway, surface, and ele- 
vated lines, by the Pennsylvania & Long Island Railway Com- 
panies for the electrification of New York terminal service and 
operation over a considerable part of Long Island, and by the 
New York Central for the electrification of its terminal service 
It is also the frequencv developed bv all of the great power 
plants at Niagara Falls, and from this source of power it is 
possible for all railway lines within a radius of 150 miles, or an 
even greater distance, to procure an ample supplv of verv cheap 
power. 

It has been adopted by the New York, New Haven & Hart- 
tord Railway Company, the pioneer among American railroads 
in the adoption of the alternating-current motor in heavy rail- 
way traction, and by the Grand Trunk Railway for the elec- 
trification of the Sarnia Tunnel. Alternating current at 25- 
cycles 1s also utilized without the interposition of converters 
by the motor equipment on a dozen or more interurban trolley 
lines. 
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2. Our great manufacturing companies have drawings, pat- 
terns, and dies which enable them to manufacture conveniently 
and promptly practically all power-house and sub-station equip- 
ment required for 25-cycleapparatus. The weight of this consider- 
ation, however, is somewhat lessened by the fact that the march 
of progress—just now greatly accelerated by the general adop- 
tion of steam turbines—will undoubtedly cause a large propor- 
tion of existing drawings and patterns to be superseded prob- 
ably in the very near future and certainly within the next five 
years. 

3. The 25-cycle system 1s preferable to the lower frequency 
in the design of turbo-generators, since it affords wider range 
within which to select speed for units of various outputs. For 
very large units a frequency of 15-cycles, for example, requires 
either a 2-pole generator operating at 900 rev. per min., a 4- 
pole generator operating at 450 rev. per min., or a 6-pole gener- 
ator operating at 300 rev. per min. Reduction in the number 
of revolutions per minute implies increase in diameter of the 
revolving element of generator and turbine, and in machines of 
large output the diameter of the revolving element in turbines 
of certain types may become too large for shipment in view of 
the limitations imposed by tunnels. 

4. A frequency of 25 cycles permits convenient and ef-. 
fective lighting of yards and shops by incandescent lamps. It 
is also more favorable than a lower frequency asregards opera- 
tion of induction motors for shop purposes. 

Should our railways in general be equipped for electric opera- 
tion, it is to be expected that іп many cases they would under- 
take to supply electricity for light and power purposes beyond 
their own requirements, and the higher frequency possesses 
important advantages with reference to such commercial service. 

For lighting and general power purposes in cases where service 
for lighting purposes that shall be thoroughly satisfactory in 
respect to voltage, regulation and continuity is requisite, com- 
mercial supply at 25 cycles would be preferable. Through 
the interposition of motor-generator sets or converters in con- 
bination with storage batteries in such cases either frequency 
is applicable. 

5. The higher frequency possesses some advantage in re- 
spect to the ratio of tractive effort to weight upon drivers. 
The best information available to date appears to indicate that 
the difference between 25 cvcles and 15 cycles in respect to 


1907] ELECTRIC MOTOR vs. STEAM LOCOMOTIVE 61 


this consideration probably approximates 10%. Further data 
from actual test are desirable, and must be obtained before it 
is possible to estimate closely the weight of advantage pos- 
sessed by the higher frequency. 

6. The higher frequency is preferable for induction motors 
in railway service requiring a considerable range of speed 
adjustment. The force of this consideration depends upon 
the probability of using induction motors for traction purposes, 
and applies not only to the excellent three-phase motors, such 
as are in very successful use upon the Valtellina line, but also 
to the single-phase induction motor which, perhaps, is not 
beyond the range of probability. It is probable that in any 
general electrification of our railway system, induction motors 
will play a part by no means unimportant. 

Without attempting detailed discussion, it is evident from 
the foregoing brief statement of the more important consid- 
erations in favor of 25 cycles that extremely weighty reasons 
must exist if the adoption of a lower frequency, e.g., 15 cycles, 
is justified. 

While our object in raising this question of frequency is to 
present it for discussion with a view to securing additional 
data and, if possible, a careful consideration of this very im- 
portant question by the Institute through its Standardization 
Committee, or a special committee, and while we desire to avoid 
anticipating the verdict resulting from such an investigation, 
it is proper to state here that consideration of the facts now 
available leads us to conclude that notwithstanding the number 
and force of the arguments in favor of 25 cycles, a frequency of 
15 cycles is preferable and should be adopted for heavy electric 
traction. The fundamental and, as it would appear, con- 
trolling reason which leads to this conclusion is the fact that 
within given dimensions a materially more powerful, efficient, 
and generally effective single-phase motor can be constructed 
for 15-cycle operation than is possible if 25 cycles be selected. 

Final decision of the question whether the advantages of the 
15-cycle motor as compared with the 25-cycle motor in respect 
to dimensions, weight, efficiency, power-factor, and commuta- 
tion are such as outweigh the many and important considera- 
tions which favor the higher frequency, requires more complete 
data than we have been able to secure up to the present time. 
That the difference is material, however, is established not only 

* by general theoretical considerations of the effect of a reduction 


62 STILLWELL AND PUINAM [Jan. 25 


in frequency upon the design and performance of single-phase 
commutating motors, but also by the following facts: 

l. In the case of multiple-unit equipment of passenger cars 
where locomotives are dispensed with and motors carried upon 
the car trucks, it is very important that the dimension of motors 
be reduced to a minimum. Cars weighing, say, 35 tons without 
equipment and operating on straight and level track at speeds 
of from 60 to 70 miles an hour, require but two motors, except 
as it may become necessary to employ four motors by reason 
of lack of sufficient clearance at cross-overs. The difference 
between a two-motor equipment and a four-motor equipment 
in such a case approximates $2,500.00 per car, besides which 
the four-motor equipment adds materially to weight, practically 
doubles complication, and, for both of these reasons, increases 
cost of operation. The difference between the dimensions of 
a 15-cycle and a 25-cycle motor may easily be the controlling 
consideration compelling the adoption of the four-motor equip- 
ment. | 

2. In the application of single-phase commutating motors 
to locomotives in general railway service, the minimizing of 
motor dimensions is perhaps stil more important, although 
in this instance the limitations 1mposed by the space available 
are less obvious. 

High-speed passenger locomotives at least should be gear- 
less. For any assumed limits of weight per axle and length of 
wheel-base, that frequency is preferable which permits the 
construction of a motor which will exert the greater pull at the 
draw-bar, provided efficiency, commutation, and power-factors 
are substantially equal. 

Those who are engaged directly in the design of single-phase 
motors are probably in position to contribute to the discussion of 
this paper data which will throw much light upon the subject; 
but it would seem probable that within given limits of dimen- 
sions, 15-cycle motors would materially surpass 25-cycle equip- 
ment in this respect. We are inclined to this opinion not- 
withstanding the probable advantage of 25-cycle equipment as 
regards the ratio of effective draw-bar pull to weight upon 
drivers. | | 
: 3. There can be no question of the superiority of the 15-cycle 
motor 1n respect to the very important features, commutation, 
efficiency, and power-factor. Efficiency is obviously and di- 
rectly important. Power-factor affects the efficiency of the 
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entire system from the motor to, and including, the generator. 
Commutation, in view of the large and expensive commutators 
and the brush complication of this type of motor, is of great 
importance. 

In order that the question raised may be looked at in proper 
perspective the following estimates based upon foregoing cal- 
culations will be useful: 

For the equipment of the entire railway system of the United 
States as now existing an aggregate power-house output capable 
of supplying continuously 2,100,000 kilowatts would be re- 
quired. Of the electric apparatus installed in the power-houses, 
a change in frequency affects the generators, transformers, 
and a large proportion of the measuring and indicating instru- 
ments. It also affects the cost of the engine or turbine em- 
ployed to drive the generator. At 25 cycles, the apparatus 
affected by frequency should cost approximately $30 per kilo- 
watt. At 15 cycles it would cost on the average perhaps $33 
per kilowatt. Cost of sub-station transformers would be in- 
creased approximately one-third, and, in round numbers, the 
total cost of turbines and electrical power house and sub-station 
apparatus would be increased from $70,000,000 to $80,000,000. 

If it be assumed that one electric locomotive will do the work 
of two steam locomotives, about 24,000 electric locomotives 
would be required to take care of the present railway business 
of the country. Assuming the cost of the average electric loco- 
motive to be $25,000 the aggregate cost of locomotives required 
would be $600,000,000. Allowing for the increased cost of the 
15-cycle transformers, it would seem that the difference in cost 
of the average locomotive should be not less than $1,000 in favor 
of the lower frequency,or for 24,000 locomotives $24,000,000. 
This 1s more than twice the estimated difference in cost of power- 
house and sub-station equipment. 

It seems entirely safe to say, therefore, that the aggregate first 
cost of electric equipment and of steam turbine will be decreased by 
a change from 25 cycles to 15 cycles. The operating cost will 
obviously be decreased very materially. At least three-fourths 
of the above estimated cost of electric locomotives, say $450,- 
000,000 represents cost of electric equipment. It will be seen, 
therefore, that of the apparatus which our electrical manufac- 
uring companies may be called upon to furnish, more than 85% 
is rolling stock. Obviously, any argument in favor of 25-cycle 
equipment which may rest upon existence of drawings and 


64 i STILLWELL AND PUTNAM [Jan. 25 


patterns and convenience in manufacturing should have com- 
paratively little weight. 

The use of 15 cycles instead of 25 cycles also secures consid- 
erable advantage in respect to the overhead trolley conductor 
and track return. With a given limit of vołtage-drop, this 
advantage may be utilized by reducing size and, consequently, 
the cost of the overhead copper and the copper used to rein- 
force the track return. i 

Under the plans which we have assumed asa basisof our calcula- 
tions, the amount of copper required for feeder circuits, trolleys, 
and reinforced track-return, estimated at 20 cents per pound 
would cost approximately $750,000,000 were the entire rail- 
way system of the country as existing in 1905 to be equipped 
for electric operation.* 

We desire to acknowledge with appreciation, assistance 
kindly rendered in the collection of data for this paper by Mr. 
J. M. Graham, vice-president of the Erie Railroad Company; 
Theo. N. Ely, chief of motive power of the Pennsylvania Rail- 
road Company; Mr. George Gould; Mr. E. P. Bryan, vice-presi- 
dent and Mr. Frank Hedley, general manager, of the Inter- 
borough Rapid Transit Company; Mr. G. Leve, of the Railway 
Electric Power Company; Mr. Alvan Markle, president of the 
Wilkes-Barre & Hazleton Railway Company; Mr. George C. 
Smith, vice-president of the Security Investment Company; 
Mr. H.J. Pierce, president of the International Railway Company; 
Messrs. Conwell, Shepard and McLaren, of the Westinghouse 
Electric & Manufacturing Company; and Messrs. Potter and 
Mahony, of the General Electric Company. 


*In all our estimates we have included 0000 copper conductor in the 
return circuit, this being bonded to the rails at intervals for the purpose 
of preventing dangerous potential on track in case of a broken bond. 
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WIRELESS TELEGRAPH RECEIVERS 


BY S. M. KINTNER 


Improvements in wireless telegraph receivers have been much 
more numerous than in the sending apparatus. Since the first 
detector of Hertz, consisting of a minute spark-gap and loop 
of wire, used in 1887, there has been a very marked improvement. 
This improvement has not extended to the sending apparatus, 
for this apparatus is practically the same to-day as that employed 
by Hertz, differing mostly in magnitude, and in the fact that 
one side of the oscillator is connected to ground. | 

Of the various detectors, the coherer is perhaps the best 
‘known. It was this device that gave wireless telegraphy such 
an impetus. Marconi used it in nearly all of his early work. 
The coherer, it is well known, operates by the breaking down of 
insulating films separating small metal particles. It is thus 
evident that the coherer is dependent upon voltage for its opera- 
tion, the quantity of current involved entering only as a second- 
&ry function. The coherer can be looked upon as a sensitive 
trigger, delicately set, which after operating requires to be reset 
‘before it is ready for the next impulse. It is a delicate and 
treacherous device, and, is usually set aside: by investigators 
just as soon as they have any other device to substitute for it. 

In 1899, Professor Fessenden and the writer were conducting 
some wireless telegraphy experiments, and during these investi- 
gations the writer tried to persuade Professor Fessenden to try 
a coherer in some of the tests, but he was unwilling to do so. He 
remarked at that time, when every one was singing the praises 
of the coherer as such a remarkable and satisfactory instrument, 
that it was a waste of time to use it, as it was incorrect in princi- 
ple. He advocated then some form of current-operated device, 
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a device which would utilize more of the collected energy than was 
possible with the coherer. In these early experiments, a form 
of galvanometer consisting of a small ring suspended at an angle 
of 45? to the plane of two field coils, as shown in Fig. 1, was 
employed. 

This device was connected in the receiving circuit, forming 
part of a straight series circuit from the vertical antennae to 
ground. When the oscillating currents set up by the raa‘ating 
electric waves were passing through the field coils F, F, a curr. nt 
` was induced in the ring R. The ring would then tend to move 
and thus give indications of the presence of electric oscillations 
in the vertical wire. The amount of the deflections would be 
read with a reading telescope and scale from a mirror carried 
on the ring, as with an ordinary galvanometer. 

This device gave quantitative results, while those obtained 
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Fig.1 z 


with the coherer were entirely qualitative and quite uncertain. 
Working with a device of a kind capable of giving quantitative 
values, even though possibly not so sensitive, was much better 
for studying various modifications of the sending apparatus, etc. 
With that old home-made instrument, some of the fundamental 
points that have since become standard practice were deter- 
mined. 

Unfortunately for the ring-form of galvanometer, it had one 
serious defect; the current in thering wasin nearly 90? phase-re- 
lation with the magnetic field producing it, resulting in a very 
small torque. But for the fact that the ring itself had an ap- 
preciable inductance, for its own induced current, thus causing 
it to lag slightly, there would have been no torque. Attempts 
were made to increase the torque by various schemes calcu- 
lated to change the phase of the induced currents, but with only 
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moderate success. Very small iron wires were placed through 
the ring at right angles to the main field, thus tending to increase 
the inductance of the ring. In other trials the ring was split 
and terminated in small condenser plates, but with no material 
improvement. | 

After Professor Fessenden had left Pittsburg to devote all 
his time to investigating wireless telegraphy, the writer attempted 
for a time to carry on some investigations along similar lines 
In attempting to overcome the trouble with the ring and its 
phase-relation, an effort to produce a rotary field was partly 
successful. Fig. 2 indicates the method used to produce this 
field. 


Fig.2 


It will be seen here that a two-phase field is arranged and if 
currents of the proper phase are sent through it, a true rotary 
field will be produced. The two-phase currents were obtained 
by spacing two vertical antennae one-quarter wave-length apart 
It was thus possible to tell the direction the waves were coming, 
as of course the direction of rotation depended upon which of the 
two verticals reached its maximum value first. The device was 
not very sensitive, probably because the field could not be so 
advantageously arranged as is desirable for induction motors. 
An effort to utilize exceedingly fine wire to concentrate the 
field proved a complete failure. 
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Marconi brought out a magnetic detector which operated on 
the peculiar physical fact that iron when passing slowly through 
its hysteresis loop. is very sensitive to a magnetic field set up by 
electric oscillations. This device is quite successful in service 
and is much more reliable than a coherer. In practice this de- 
vice is arranged so that a small motor is rotating an iron core at 
а very slow rate іп a magnetic field; the core is surrounded by 
the detecting loop connected in the receiving circuit; a secondary 
loop leads to a telephone, and the sudden changes in magnetic 
conditions of the iron due to electric oscillations set up by the 
received waves are indicated by small current changes in the 
telephone circuit. 

Fessenden brought out what he called a hot-wire barretter 
that was quite an advance, particularly for quantitative work. 


м 


BARRETTER 


This device has since been used for some investigations in tele- 
phone work and is very satisfactory for such service. The device 
consists of a very small loop of platinum wire, so arranged 
in a circuit that its change in resistance due to change in tem- 
perature caused by the oscillating currents 1s indicated in a tele- 
phone connected in circuit as shown in Fig. 3. 

The sizeof the platinum wire and some of its аенын 
are quite interesting. The small wire in the loop is only about 
0.02293 іп. in diameter and only about 0.015 in. in length. 
'These figures seem almost incredible, but they are approximately 
correct. Such error as really exists is on the side of too large 
dimensions. 

The Wollaston wire, by which name the above is known, is a 
composite wire of silver with a platinum core. The platinum 
is first drawn as small as possible and then coated with silver 
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until a composite wire is formed having a section of which 99% 
or more is silver. This composite wire is then drawn down to 
very small dimensions, the platinum core being reduced in sec- 
tion at the same time. The silver is afterwards dissolved in 
acid at the places at which the fine section is desired. 

An 0.00008 in. platinum wire has a resistance of 8450 ohms 
per foot, or approximately 10.5 ohms for 0.015 inches in length. 
The small mass involving, only 7.5 x 10 !! cubic inches of platinum 
requires only 0.0353 ergs to raise its temperature 1? cent., or one 
erg would increase its temperature about 30? cent., which would 
mean a change in resistance of approximately 12%. The above 
fizures are assu nel without consideration of the larger section 
of wire at the ends of theloop where the silver has not been re- 
moved. Unfortunately for the sensitiveness of this device, 
these terminals play a very important function, and tend to keep 
the temperature down, so that instead of a 12% resistance change 
it is quite likely that not more than 6% change in resistance really 
takes place. With such a small mass, its thermal capacity is 
very low, and it is thus able to follow changes of temperature 
at a very rapid rate. The device actually responds so rapidly 
that no trouble is experienced in distinguishing between the 
quality of several sparks, in the same way that one can distin- 
guish each of several voices. 

The drawbacks with this detector are, its liability to burn out 
and the difficulty of renewals. Burn-outs may result from light- 
ning or from signals of great intensity. The forming of the loop 
is a very delicate operation and is done under a microscope. 

The liquid barretter was the next important advance made 
in detectors. The liquid barretter differs from the preceding 
only in that an exceedingly fine liquid resistance is substituted 
for the metal resistance. This liquid resistance is best made 
by making use of the Wollaston wire again, and allowing it to 
dip for a very slight distance into an electrolyte. The electro- 
lyte used is preferably a 20 to 39% solution of nitric acid. 
The acid serves to dissolve the silver and thus keep the barretter 
in operating condition should it become burned out by excessive 
currents. 

It is a well known fact that the resistance between two con- 
centric cylinders immersed in an electrolyte is equal per unit 


C 126. : where C is the resistivity of the electrolyte and 


length to 
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6 and a are the diameters of the two cylinders respectively. It 
will be seen very readily from the above formula that nearly all 
the resistance is located in the liquid surrounding the fine wire. 
Electrolytes have much larger temperature coefficients than 
metals, and thus a decided increase in sensibility is gained. 
In addition to the ohmic resistance change, there is a change 
in the polarization of the fine metal point. Fortunately, these 
are additive effects and tend towards sensibility. 

The liquid barretter was discovered accidently by Professor 
Fessenden while making some loops for the wire form of barretter. 
He noticed that a delicate current meter in the circuit with the 
loop that was having its silver dissolved off,. was fluctuating in 
synchronism with a sending station some distance away. Ап · 
investigation of the cause revealed the fact that the wire loop 
had broken and left two fine points dipping into the acid. That 
was the first form. Later tests showed that one point was sup- 
perior to two. Other than that, the principle development con- 
sisted in getting a good mechanical arrangement and testing a 
number of electrolytes. Nitric acid, as mentioned above, has 
proved the best, everything considered, though several other 
solutions such as Н Cl, КОН, H,SO,, have been satisfactory. 

This detector is the best that has thus far been developed. 
A number of detectors are at present in use which are funda-: 
mentally the same as the liquid barretter. The fact that it has 
so many imitators is evidence of its good qualities. | 

One of the most notable detectors, a modification of the 
barretter, is that one in which the battery is made a part of the 
detector by using a containing cup made of a metal electro- 
chemically positive to the fine platinum point. This is ac- 
complished practically by using a zinc cup. 

The barretter and its various modifications form a class of 
detector that is very satisfactory. Itissturdy, despiteits almost . 
microscopic dimensions; it can be operated when mounted on 
a rolling ship, or when the table on which 1t is supported 1s moved 
suddenly or even dropped a distance of a foot or so. In the event 
of breaking the small platinum wireat the point of immersion, 
it is a matter of a moment to screw down more of the wire and · 
thus form a new point. The cell operates best when a pressure 
of approximately 1.6 volts is impressed across it. | 

The small point should preferably be connected to the anode, 
as it is somewhat more sensitive with that arrangement, though: 
it is operative with either connection. The current changes are 
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of the order of 1x10? amperes, but this is ample for a tele- 
phone, though too small to operate a relay with certainty. 

This detector, like the hot-wire detector, recovers very rapidly 
and consequently enables one to distinguish between each of 
several sending stations. 
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ELECTRIC POWER TRANSMISSION. 


— aeemaneaa 


BY FREDERICK DARLINGTON. 

Electrical power transmission has given a great impetus to 
the development of water powers, and an understanding of these 
powers has become one of the duties of electrical engineers. 
There is a great variation in hydraulic plants in the characteris- 
tics that determine their usefulness; and these variations are the 
result of natural conditions and the manner of development. 

The value of a water power is the resultant of two sets of fac- 
tors; the size and natural opportunities of the water power, and 
the extent and nearness of the market for power. The market 
has been greatly broadened by the growth of electrical trans- 
mission, and the useful and profitable application of water powers 
to business uses offers some very interesting problems. The 
following is a classification of water powers according to the 
qualities that chiefly affect their value: 

1. Powers capable of continuous operation at their full capacity 
at all seasons.—There are comparatively few belonging to this 
division; they are mostly developments on large rivers or on the 
outlets of large lakes, where the flow of water is so abundant 
or is so equalized that water shortage does not occur. - 

2. Powers capable of continuous full operation only a part of 
each year, except in seasons when the flow of water does not reach 
115 minimum. 

There are two natural subdivisions of this class of power: 

a. Powers that are capable of being operated to their full ca- 
pacity a portion of each day, even when the flow of water is in- 
sufficient to maintain full power for a full day. 

b. Powers that owing to natural conditions or plant design 
are limited by the flow of water so that in dry. seasons they can- 
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not develop power to the full capacity of their machinery even 
for a few hours a day. 

By far the majority of developed powers belong to this division, 
either subdivision a or b, according as they have, or do not have 
an available pond from which water, stored at times of light 
load, can be drawing during heavy loads. 

3. Powers that are occasionally interrupted in whole or in part 
by conditions other than low water. 

his includes developments with a low head of water on the 
wheels and a low dam that is ''drowned out ” during freshets so 
that the power 1s interrupted ; also powers that are liable to inter- 
ruption from anchor-ice. 

A further division might be made to include powers that are 
subject to interruptions belonging to two or more of the foregoing 
divisions. Such developments do not often bear the test of 
economical usefulness. | 

There are several classes of loads to which water powers are 
applied, and for consideration in connection with hydraulic de- 
velopments thev may be divided according to the load-factor. 

Division I.—Twenty four hours per day service or loads having 
approximately 100% load-factor. 

To this division belongs the power supply for a few manufactur- 
ing operations mostly of an electrochemical nature and usually 
conducted on a large scale, also some pumping and blower 
work. 

Division II.—Ten hours per day loads (week days) or fifty five 
to sixty six hours per week. 

To this division belongs mill work, such as in textile manu- 
facturing concerns and a great variety of factories. 

Division III.—Ordinary mixed commercial loads, such as light- 
ing and electric railway and sundry services. 

This division includes a great variety of work, and the daily 
station load-factor may be the resultant of many small loads and 
is often vastly different in summer and winter. 

Division IV.— Loads that can be occasionally : discontinued 
without serious loss. 

There is not much power business of this kind. 

The cost to a hydraulic plant of carrying a load depends on the 
plant and the nature of the load. Curves showing the cost of 
power may be drawn for any plant if the characteristics of the 
plant are fully known. 

Water-power plants belonging to the first division enumerated 
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will produce 24-hour per day power almost as cheaply as 10-hour 
per day power, while to some plants 10-hour per day first-class 
power costs about half as much as 24-hour per day service. 

The following are some of the general conditions, both as re- · 
gards natural opportunity and the limits set by their design, . 
that should determine the extent and manner of most water 
power developments. 


PRELIMINARY DATA FOR HYDRAULIC DEVELOPMENTS. 


Determinations must be made of: 

1. The minimum flow of water, together with the probable 
duration of low-water periods. 

2. The available head at the wheels. 

3. The maximum flow of water and the effect of floods in re- 
ducing the working head. 

4. The pondage or storage that can be obtained and utilized. 

5. The effect of ice, especially anchor ice, and so-called “‘frazil’’ 
ice. | | 

The first duty of a hydraulic engineer in preparing a plant de- 
sign is to determine these points, after which he can do much to 
shape the development to meet the requirements of the loads to 
be carried. 

The predetermination of water- flow i is seldom capable бї exact- 
ness, except were water-powers have long been established, or 
gaugings made over a period of years by Government observers. 

The flow of a river is usually estimated on the basis of the cubic 
feet per second per square mile of watershed and depends on: 

a. The condition of the country, wooded or cleared. 

b. The rainfall. ` 

c. The character and shape of the ground and the nature of 
the underlying strata. 

d. The latitude and elevation above sea-level which affect evap- 
oration. 

e. The character of the river-bed and the lakes, if any, included 
лп the watershed. 

}. The effect of winds in changing the water-level at the outlet 
of lakes that discharge into the river. 

g. The effect of other water Dota in the river holding back 
water during certain hours. 

The following table gives the minimum flow 1n cubic feet per 
second per square mile of watershed of a few of our well-known 
rivers: 
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Housatonic River,. .0.25 to 0.33 cubic feet per second. 


Susquehanna '' 0.08 to 0.09 cubic feet per second. 
Hudson a TD 0.12 cubic feet per second. 
Little Tennessee ‘...... 0.40 cubic feet per second. 


These are approximate extreme minimums. Periods of 10 


or 20 years occur frequently in which these extremes are not 
reached. A reasonable working minimum should be assumed 
for planning developments. As enumerated above, there 
are many variables affecting the minimum flow from a water 


shed. 


In general, extensive forests are the best natural equaliz- 


ers of the flow of a river. The maximum discharge must be de- 
termined and there are a number of methods of estimating this, 
but this 1s neither the time nor the place to consider them. Gen- 
erally the larger the river drainage area the less the flood discharge 
per square mile. 


The following table gives the maximum flow recorded for a 


few rivers, together with their watershed areas: 


Area of Max. flow 
watershed cubic ft. per 
square second per 


Name of River. miles square mile 
Raritan River, N. ]......................... 879 59.30 
Merrimac River, Lawrence, Mass. . Videt diae 4.600 19.12 
Potomac River, Great Falls, Va............... 11,476 15.20 
Mississippi River, near Arkansas City boi eere 1,102,600 1.58 


Flood-marks and other records are usually to be found show- 


ing the maximum rise of a river at any point. With this 
knowledge, and surveysof the river channel, the maximum dis- 
charge can be approximatelv calculated. 


The head or fall for a water-power development is obtained 


either by erecting a dam to raise the level of the river, or by build- 
ing a canal or penstock, or by both. A dam serves the double 
purpose of raising the level of the river and producing a storage- 
pond. The storage-pond is often of prime importance. An 
open canal or flume has the disadvantage that even if used in 
combination with a dam, the water cannot be drawn from the 
dam after the level has fallen below the point required to main- 
tain a flow in the flume; also in the event of a rise in the head- 
waters, the canal will overflow and the level of the water on the 
wheels will not rise with the river. 
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- In cold countries ice often retards the flow in a flume. 

The extent to which a pond can be utilized to control the flow 
of a river and carry over peak-loads is often limited by whether 
or not the river will deposit silt and fill up the storage-pond. 

Freshet conditions often control the amount of machinery to 
be installed in plants with low heads of water. At flood times, 
when a river rises greatly, the rise in the dam or intake to the 
wheels is seldom as great as in the tailrace or channel below the 
dam, so that the available head on the wheels is reduced; thus 
times of maximum water may be times of minimum power. 

The following are the details of a certain plant. The power 
is on a river in the Southern Appalachian Mountains; the water- 
shed area is 945 miles. 

A careful estimate determined the minimum flow at the 
high value of 0. 6 cubic fect per second per square mile, 
or 567 cubic feet per second. The plan of development 
is with a dam, producing a large pond that will permit 
the use of the low-water flow of the river without waste, 
with a 24-hr. station load-factor of 50%. The pond can be 
kept sufficiently free from silt to maintain this condition. 
The available head on the wheels with a full pond is 52 ft., and 
the average head during low water is estimated at about 50 ft. 
The river is wide below the dam and there is no open canal so 
that there will be no great loss of head in floods, and the speed 
and full powerof the wheels can be maintained at such times. 
567 cubic feet per second at 50 ft. head will develop 2550 h.p. 
on the wheel-shafts. This will generate and deliver at the mar- 
ket, after deducting transmission losses, 2070 electrical h. p., 24 
hours per day. 

The market for power 1s chiefly cotton mills that run 66 hours 
per week. The daily load-factor will be about 50%. At this 
load-factor the plant has a capacity of 4140 electrical h.p. deliv- 
ered at the market, which is the rating of the plant determined 
by the low-water flow of the river. 

Machinery is installed for 7200 h.p. at the power-house (with- 
out a spare unit), this is equivalent to 6360 h.p. at the market. 
so that there is an excess of 1239 h.p. of second-class power. 
This latter power will fail in vears of drouth for short periods up 
to two or three months, according to the duration of low water. 

Herewithis given an estimated power-cost chart for this plant, 
based on the following construction and operating costs. The 
transmission line and step-down transformer costs are not in- 
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cluded. The estimated yearly repairs, renewals and deprecia- 
tions, are given opposite the construction costs: 


Construction | Repairs, renewals 
cost and depreciation 


— M — — — — — 


Per cent. Per year 


Dam, tail-face and foundations... .... $412,000.00 | 1.95, $4120.00 
Racks and gates.. p "OM: 16,500.00 8. 1320.00 
Power-house abawe foundations: ЕТУ 12,000.00 1.5 180.00 
Cave in рЈасе....................... 4,000.00 | 2. 80.00 
Board house for attendants........... 3,000.00 XX XXX 

Electric machinery....... ЖҮГҮ 101,000.00 | 6. 6060.00 
Wheels and governors................ 50,000.00 | 10. 5000.00 


$598,500.00 
Engineer's and general expenses and 


— — "M — —— M — — ee 'à—À 


interest during construction. ....... 62,500.00 
Property гї@ЇМ$..................... 30,000.00 
TOUR eue REX athe tne ace hs $691,000.00 $16,760.00 


The annual cost of power from this plant is estimated: 


Repairs, renewals and depreciation....................... $16,760.00 
Interest at 06 isthe ait PR Rhe whe hoe als eg LR ae ndi a 41,460.00 
Operating plant ccn икки» Pe tuus b tea oot tee 15,000.00 
Legal, traveling and sundry expenses not included in oper- 

"bb PCT Away Bie Mek A SEPARA ewe ER 5,000.00 
pool "prr GH oy GM БАЙ LR ae ip Fad Bea ee oon 2,000.00 
Sinking fund at 1% of cost... .....0.0.. 2.0.0.0. a 6,910.00 

Total cost of power per уеаг....................... $87,130.00 


If water was abundant the annual cost would not be materially 
affected by the daily output, and the cost per electric horse- 
power ycar delivered at the market, exclusive of the transmission 


PIN т . { $87130. | _ | 
line cost, and without profit, would be 1 6330.00 —$13.75 
per electrical horse power per year. 

As the minimum flow of the river will deliver only 2070 elec- 
trical horse power at the market 24 hours per day, the cost of 
24-hr. first-class power will be $42.10 per year | Oc ul | ) 
and S-hr. per day first class power; that is, power that will Hot 
fail in scasons of low water will cost $13.75 per year. 


The solid line on the diagram shows the cost per electrical 
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horse power per year at the market of first-class power for the 
various hours per day as determined by the low-water flow. To 
apply this diagram to find the cost of power for mill operation, 
there must be added the yearly cost of transmission, step-down 
transformers, and motors. These are not included in preparing 
this diagram. 

The dotted line on the same diagram shows the cost of steam 
power per year per indicated horse power in the cotton mills in 
the vicinity of the water power, mills with steam-engine plants 
of 1000 h.p. each. 


& 


= 


PHH 


OOLLARS PER HORSE POWER PER YEAR 
Я 


5 " CTRICAL HORSE POWER - -SECOND- -CLASS POWER Ж 
| X INGSNMNENS 
ш 10 2 24. 
HOURS p DAY 
Fic. 1. 
Cost of plant ($50.00 per indicated h.p. of capacity........ $50,000.00 
Annual cost of 1000 indicated h.p. in mills. 
Labot о A dados a ab d Bed ҮЛ на) 2,220.00 
Coal (2-Ib. per indicated h.p.) at $3.25 per їоп............ 12,000.00 
Oil waste, and light гераігѕ.............................. 1,000.00 
Interest at 6065.5 ucro Ee aid OON S ard ba ра 3,000.00 
General ехрепзез...................................... 2,000.00 
Sinking fund 205555 ood ie isk RENS Mae бнер 1,000.00 
Repairs, renewals and depreciation....................... 3,000.00 
Total cost: per year... bt eet ees DEAD bees $24,220.00 


Yearly cost per indicated h.p. (66 hours per week)........ $24.22 
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For mill purposes an indicated horse power may fairly be com- 
pared to an electrical horse power delivered at the mill. 

The upper dotted line on the diagram shows approximately 
the cost per year per indicated horse power of steam power for 
various hours per day of service. This cost is made up on the 
basis of interest and sinking fund and 15% of the coal and one 
half of the labor and general expenses and repairs, renewals and 
depreciation, and oil and waste, unaffected by the hours of ser- 
vice and all the remaining items of cost directly proportioned 
to the hours of service. To meet these conditions, labor released 
by shortening the hours of engine-run would have to be used in 
repair work or other work about the mill. These divisions just 
given can only be considered approximate within reasonable 
limits, but for the variations shown by the dotted line on the 
diagram they are approximately correct. 

Note that the fixed charges per indicated horse power for the 
steam plant; that is, the charges that are wholly independent of 
the hours of use, are about $8.00 per year. 

If the stcam plant described is installed and held in reserve as 
an auxiliary to the water power, the total cost of power per year 
will be the cost of the water powers plus $8.00 per. horse power 
per year, plus the cost of operating the steam plant as an 
auxiliary. 

The cost per electrical horse power per year of condan power 
from the hydroelectric plant is shown by the lower dotted line 
at $4.83, and is determined as follows: 


COST OF SECONDARY POWER. 


Construction cost per electrical horse power capacity at the market: 


Repairs, 
renewals, 
and de- 
Cost preciation 
Dam, etc...... Със. сср i . 00. XX 
Racks and T at Bef... "TIU thes 2201 0.21 
AVG eet ane а dires Be aut oe A ane ats Т . 00. XX 
Power house (T4605) id eso oe m жек E Sn ee Oe 2.50 0.04 
Electric machinery (OG) esas ha tme gx Y 15.95 0.96 
Wheels and governors (ТОС)... 7.88 0.79 
$28.94 $2.00 
Eng.and interest... vague it oe eke ERE REL MESS 2.89 


Total...... 
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: Secondary power at the market (exclusive of transmission-line cost) 
Repairs, renewals and depreciation, per electrical 


horse power per уеаг................................ ОРУС $2.00 
Interest: 607% On S383 wisest екЫ Ки en sc le Gara eq 1.91 
Operating plant, about... iso eese e e erg E RES Re 0.50 
Taxes: забои s e sace os do oe esq den hee peg aaa eie eu d ded aep ns 0.10 
Sinking fund at 1% of соѕі..................... жаы ЫК еласа 0.32 
Actual cost of secondary power per уеаг. .................. $4.83 


$4.83 per electrical horse power per year for 10 hours per day 
service is the cost of second-class power to this plant when being 
operated for first-class power. This power will fail in seasonsof low 
water. Inother words, if more machinery were installed it would 
cost with this plant, $4.83 per year to generate power that would 
fail in seasons of low water, but would beavailable from seven to 
twelve months per year according to the rainy seasons. If the 
secondary power were used more or less than 10 hours per day, 
there would be a slight increase or decrease in the cost due to the 
change of wear on the machinery—the cost of secondary power 
on the diagram. 

The diagram is useful only to show the relative cost of steam 
power and power by the hydroelectric plant described when 
employed in mill work. To apply to electric lighting and rail- 
way and sundry work, an entirely new and much more com- 
plicated diagram must be drawn. 

For the steam-driven plant, it must include the interest, de- 
preciation and repairs on the electrical machinery; the losses in 
conversion of the mechanical power of the engine into electrical 
power must be accounted for; and the wages of an extra shift of 
men must be added to the steam-power cost. 

As a partial offset to these items would be this advantage of 
the steam-plant, that at a reduced economy 1t would carry for 
short periods large overloads, which would care for peaks that 
occur in lighting and railway work. Water powers rarely have 
capacity for overloads much in excess of their rating. 

Electrical transmission has made it possible for water powers 
to reach and serve a widely-diversified market, and in developing 
them to meet the present conditions many interesting engineering 
and economic problems arise. Every case must be analyzed and 
each of the matters suggested herein should have careful con- 
sideration. Every manager of a hydraulic plant should fully 
understand the characteristics of his property and carefully 
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consider the demand on his plan of each item of load added to 
his system. There is no power load that will not pay at some 
price, but profit or loss 1s the resultant of many variables both in 
the plant and in the load. The best results can only be ob- 
tained by a full knowledge and understanding of these, and good 
judgment to select and combine the most advantageous loads 
reached by the transmission system. 
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DISCUSSION ON '" TRANSFORMATION OF ELECTRIC POWER INTO 
LicuT," AND “ New Types oF INCANDESCENT LAMPS," NEw 
YORK, NOVEMBER 23, 1906. 


Herschel C. Parker: The problem of the transformation of 
electric power into light is of equal importance to the physicist 
and to the electrical engineer. When an electrical engineer 
experiments on the problem, he is experimenting in the domain 
of physics; when a physicist works on the problem, he is an 
electrical engineer, if his experiments are successful; if not, he 
is simply a physicist. There are only two or three points in 
Dr. Steinmetz's beautiful paper on which I am capable of saying 
anything that will interest you. The first is the fact that it 
is not the melting point of refractory substances that gives a 
high efficiency, but it is the point of disintegration or vaporiza- 
tion, shown by the tungsten filament and tantalum filaments 
which have a much lower melting point than carbon, but are 
much more difficult of vaporization, and hence show a great 
increase in efficiency. Mr. Walter G. Clark and I have been 
experimenting for a number of years on the subject of incandes- 
cent lighting, and we hope in the near future to present before 
the Institute some of these results which we think are of interest. 
A certain filament with which we have been experimenting, one 
substance of which is supposed to have a melting point of about 
1400? cent., has shown an efficiency in experimental lamps of 
about one watt per candle, with an average life of 700 to 1200 
hours. The vapor-tension of this substance is remarkably low; 
that is, it is almost impossible to vaporize the substance. This 
bears out in a remarkable manner the statement of Dr. Stein- 
metz. Another point about this filament is that if at the low 
temperature of 1800° or 1900? cent., it will give an efficiency of 
one watt per candle, we certainly must believe that some sub- 
stances have a considerable selective radiation in the solid 
form, notwithstanding what the experiments of Messrs. Waidner 
and Burgess have shown regarding the tungsten and tantalum 
filaments. 

Dr. Steinmetz's remarks about vapors, that we have the 
most intense selective radiation without respect to temper- 
ature, is shown in a wonderful manner by the experiments 
in connection with the electrodeless discharge. Mr. C. C. 
Trowbridge has carried on some very elaborate experiments in 
this field at Columbia University, and has shown that when the 
receiver is surrounded by liquid air a very considerable lumines- 
cence can be obtained and be continued for a number of minutes 
after the electrical disturbance has been discontinued. His 
calculations show that if the number of molecules in the rarified 
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gases could be increased, and the same effect obtained, the ef- 
ciency would be enormous, approximating 100 per cent.; that 
is, we can have luminescence in the gas that is absolutely inde- 
pendent of temperature. 

Concerning arc lamps and their efficiency. I am glad to get 
some little idea of what the etficiency of these flaming arcs 
really is. If the etficiency is one-quarter watt per candle and 
the efficiency of the incandescent lamp is one watt per candle, 
since we have a superior means of distribution with the latter 
and the illumination is in terms of the normal daylight spectrum, 
the absolute illuminating value would not be far behind the arc 
lamp at one-quarter watt per candle; but experiments we have 
been carrying.on indicate that it may be possible to reach an 
efficiency approximating one-half watt per candle, and that in 
terms of the normal daylight spectrum. There would then be 
no question that with such a high illuminating value the in- 
candescent lamp would be fully equal, if not superior, to any 
form of атс lamp known at the present time. 

john W. Howell: Practically all of the efficient illuminants 
mentioned to-night originated broad. We have the Welsbach 
mantle, which marked a great advance in the efficiency of gas 
lighting, the osmium lamp, the tantalum lamp, the Nernst lamp, 
the tungsten lamp, the flaming arc—all originating either in 
Germany or in Austria. | 
Dr. Sharp presents a table in which it is shown that 
the carbon filament, from 1888 to 1904, sixteen vears, im- 
proved 2.5 times in value in Ше at the same eñ- 
ciency. He also shows a curve which indicates that the 
tungsten lamp is at least 300 times as long lived at the 
same e.ficiency as the carbon lamp, even after its sixteen years 
of improvement. It is hard to reglize what that means. It 
means, as both the papers have stated, a revolution in the art 
of incandescent lighting, and of all lighting. This tungsten 
filament, from the nature of the material, can be most easily 
made in rather large candle-powers. Dr. Sharp puts 25 c-p. 
as the lower limit. but the really practicable lower limit is higher 
than that. I think that 40 c-p. would be about the lower 11.111 
at 110 volts; for lower candle-powers, lower voltage lamps will 
have to be employed either in series or in other ways. But 
while that is the limit, it fits exactlv in the place where the 
carbon filament is weak. Above 40 c-p. the carbon filament 
is weak and the tungsten filament is strong. The tungsten 
flament from 40 to 200 c-p. is at its best. At these candle- 
powers, the incandescent lamp, with its distribution and sta- 
bilitv, 15 better than twice that candle-power in an arc lamp; 
and I look to the tungsten lamp as a probable competitor of 
arc lamps, and for other forms of light, the values of which lie 
between 50 and 200 c-p. 

These curves shown in Fig. 14 were made at the Reichsanstalt. 
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The lamps were sent there on the 25th day of April, 1906, but 
before that time another set of these same lamps had been 
burning at the Reichsanstalt. I saw the records of these other 
lamps, and got а copy of them. Тһеу were set up at 1.3 watts 
per heffner, and burned 700 hours, and at the end of the time 
each one of the lamps was higher in candle-power and of better 
efhciency than when it started. That is probably the first 
recorded test on 110-volt tungsten lamps. The high tempera- 
ture of the tungsten lamp is of course a large element in its 
efficiency. The selective radiation is described by Messrs. 
Waidner and Burgess, and it is shown that the quality of the 
radiating surface has also a great deal to do with it. The carbon 
lamp is a much better radiator of heat than a metallic filament. 
The more polished the metallic filament the worse radiator it is, 
and the more slowly it radiates its energy at a given tempera- 
ture the more slowlv energv has to be supplied to it to maintain 
the temperature. As Messrs. Waidner and Burgess state, a 
polished platinum wire is the most efficient metallic light-giving 
body. Some of the tungsten filaments approach very closely 
in appearance to polished platinum wire, and I think those forms 
will be more efficient than the others which do not approach 
that condition. 

Percy H. Thomas: Dr. Steinmetz gathers together and 
summarizes the latest information as to the general nature 
and the best performance of the various kinds of devices for 
getting light from electric power. Dr. Sharp has certainly 
brought us up to date on the subject of incandescent lamps. 

As I understand Dr. Steinmetz, he attributes the superior 
efficiency of gases as a source of light to the fact that their 
radiations are, relatively speaking, largely in the visible spec- 
trum. This is undoubtedly true. A more satisfactory idea of 
the distinction between solids and gases as to their light-giving 
characteristics, can be gotten by considering the corpuscle theory 
of electricity in its relation to the emission of electric radiations 
by hot bodies. Bv many scientists light is assumed to consist 
of electromagnetic waves produced by vibrations within the 
atom, or by vibrations of the body of the atom itself. In this 
view the atom may be said to send out light waves when agi- 
tated, in the same way that a bell sends out sounds when struck 
with a hammer. As these sounds are of one pitch, or of a few 
related tones,so are the colors of light given by an atom of gas 
of one color or a comparatively few related colors. In an in- 
candescent solid, light rays are still given out by the ators 
themselves, but these atoms are so crowded by other atoms 
that they cannot vibrate in their natural period and all colors 
of light result. Furthermore, a great deal of energv is given 
off in heat radiations which are due to the translatorv motion 
of the atoms and molecules backward and forward. Evidently, 
the natural time-period of vibrating molecules will be much 
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lower than that of the vibrations within the atom, the former 
corresponding to the longer heat waves. As Dr. Steinmetz has 
said, these heat waves-are a necessary waste of energy in the 
production of light. 

Returning now to the emission of light by molecules of a 
gas; as, for example, in a Cooper Hewitt lamp. Неге we have 
a number of presumably isolated vibrating atoms, and a series 
of projected corpuscles representing the current and passing 
from the negative to the positive electrode at verv high veloci- 
ties. These corpuscles must frequently strike atoms, and in so 
doing cause both the deformation or bell-like action and also a 
translatory motion. But, since they are of extremely small 
mass and high velocity, they will produce a large percentage 
of vibration and a small percentage of translation corresponding 
to an efficient production of hght. This hypothesis tends to 
confirm an observed fact; namely, that those gases or vapors 
having relatively large atomic weight are more efticient sources 
of light when excited bv electric current. For in such cases 
the relative amount of translation in relation to the internal 
vibration for the relatively heavy atom will be less than for 
the relatively light atom. Dr. Steinmetz has linked the eth- 
ciency of light sources with the boiling point of the materials 
giving a light. In some ways it appears to me more likely that 
differences in atomic weight rather than differences in boiling 
points determine the efficiencies. 

Another point of a very much more practical nature is worth 
considering. We have covered pretty well the theoretical con- 
siderations governing the absolute, or what vou might call the 
phvsical efficiency of the ditferent methods of producing light. 
This physical efficiency is very important, but must be con- 
sidered in connection with other practical considerations before 
it is applied in actual cases; that is, there are other things 
besides the physical efficiency which determine the usefulness 
ofalamp. For example, there must be inherently in such lamps 
as arc lamps, where the air and other gases are in contact with 
the hot bodies, a convection loss of heat, allowed for only inci- 
dentally by Dr. Steinmetz, and which may be of material im- 
portance. "This fact will tend to decrease the advantage of the 
arc lamp over the incandescent lamp. 

The size of units is of very great importance. This point 
has already been raised. А source of light which has for its 
smallest practical unit two or three thousand candle-power, 
like some of the flaming arcs, cannot get the advantage of its 
high etticiency because so much light at one point cannot,be 
used economically. The contrast between the locations of a 
superabundance of light and locations more remote from a lamp 
with little light, interferes materially with the effectiveness of 
even that value of illumination which does exist in the darker 
portions. | | 524 
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High intrinsic brilliancy in a light source is harmful, in that 
it causes a contraction of the pupil of the eve even when the 
light is not directly in line of vision, so that comparatively 
ineffective use is made of the available illumination. This is 
a matter of the very greatest importance which has not until 
recently been fully realized. The arc light, especially the open- 
air arc light, the flaming arcs, and the bright incandescents 
suffer from this cause. Evidently the tube lights, such as the 
Moore tube and the Cooper Hewitt lamp have a great advantage 
over the other types in this regard, and furthermore cause no 
sharp shadows. | 

Greatly to the advantage of the Cooper Hewitt lamp, as Dr. 
Steinmetz points out, the colors of light most easily and naturally 
utilized by the eye are those in the middle portion of the visible 
spectrum, the yellows and greens. The Cooper Hewitt lamp is 
the only electric light having a majority of its light of these colors. 

Walter G. Clark: In paying my respects to Dr. Steinmetz’s 
most excellent paper, I wish to state that in connection with 
the experiments which are being conducted by Professor Parker 
and myself, I have had an opportunity to note the behavior 
of carbon filaments, and it has been my impression for some 
time, that the vaporization of carbon from the carbon filament 
is far in excess of that warranted by the temperature of the 
filament. Carbon maintained at a high temperature by an 
. external source of heat, but within a quartz receptacle, did not 
show the vaporization that it did at a much lower temperature 
when the heat was produced by passing a current through it. 

A number of experiments of this character together with the 
studv of the filaments themselves have led me to believe that 
the ordinary filament is not of even temperature, but is made 
up of very narrow zones or spots of high incandescence and 
possibly, in an unflashed filament, of actual arcing in some 
places. The temperature which we observe most likely is the 
mean of a series of high-temperature and low-temperature spots, 
these would of necessity be very narrow; but from the fact that 
'the filament is originally made up from a material which must 
pass off as a gas during the process of carbonizing, it must 
leave the filament somewhat porous. As the surface is car- 
bonized before the interior, the gases leaving the interior would 
break through any surface-seal formed by the carbonizing of 
the surface and reduce the cross-section of the filament at that 
point; in an unflashed filament there would be a tendency 
to form a small arc across the gap in shunt with the continuous 
portion of the filament back of it. In flashing, these spots 
would be the first to be covered with the dense low-resistance 
carbon deposited out of the hydrocarbon, and as the temperature 
is excessively high at this point and the carbon deposited 1s of 
very low resistance, compared with the porous unflashed portion, 
the tendency is to,over-deposit; for the carbon is not only de- 
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posited at the actual point of the greatest temperature, but 
for some distance on either side, so that while flashing improves 
the filament it does not entirely eliminate the high.and-low 
temperature conditions. But the temperature of a carbon 
flament probably represents the mean of a great number of 
extremes of high-temperature and low-temperature zones, and 
the carbon is vaporized from the high temperature points at an 
increasing rate until the filament parts. 

With the graphitized or metalized filament, the conduc- 
tivity is more nearly uniform on account of the greater 
per cent. of dense carbon, so it is possible to operate 
the filament at a higher temperature. ‘I am of the 
opinion that the hot-point conditions also hold where me- 
tallic filaments are made up of colloidal tungsten particles, for 
the current passing through the filament at the time of the 
entering together will follow the path of lowest resist- 
ance where the arcing between the particles welds them 
together; and particles not directly in the path of the current 
may not become an active part of the filament. The arcing 
between the particles would continue until the points of contact 
fused together, when the temperature would immediately drop 
below the fusing point, but the points of contact would still 
represent the points of greatest temperature. On account of 
the fineness of the particles in the Kuzel filament, these zones 
of maximum and minimum temperature would be very close 
together. This condition may account for the higher resistance 
and high temperature coefficient of this type of filament. 

It has been noted that some metallic filaments which are 
white in color at low temperature still radiate as black bodies. 
I have noted in some experiments that some white metals 
turn black before they begin to radiate light. Steel of 
a light gray or silvery color and confined in a vacuum, passed 
through several changes of color to black before it began to 
radiate light at the red end of the spectrum; this was also true 
of platinum, iridium, and copper, but did not appear to be true 
of aluminum. I was careful to remove the oxide from the sur- 
face of the aluminum and place it in a receiver filled with hydro- 
gen, which I pumped out to create the vacuum, still a film of 
oxide may have formed which concealed the color-change; but 
experiments with thorium oxide, oxide of aluminum, flocculent 
silicon dioxide, calcium oxide, and a number of other white 
oxides or white-oxide forming materials indicated that they 
luminesce or become incandescent direct from their own white 
color to the characteristic light or wave-lengths which they 
emit without passing through all of the longer wave lengths 
leading up to and through the red end of the spectrum. I 
have also noted that it is possible to make a non-luminous gas 
flame luminous bv charging it with a silicon vapor which broke 
up and gave silicon dioxide upon coming in contact with the 
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air. I have found it difficult to prevent the oxidization of 
silicon when in contact with air at high temperatures. I do 
not understand thestatement that the silicon arc 1s non-luminous, 
assuming that Dr. Steinmetz is referring to an open arc. The 
oxidization of carbon in the arc would, of course, produce a gas 
which would show little if any luminosity, but the oxidization 
of silicon produces dioxide and in my experience becomes lum- 
inous at a comparatively low temperature, and an open arc 
from silicon should form the dioxide and become luminous. 

The desirability of obtaining a light which covers the entire 
range of visible wave-length is brought out very well in this 
paper, but instead of endeavoring to obtain this entire range in 
one material or in two similar materials, as 1n the magnetite- 
titanium arc, may we not secure an efficient result by combining 
materials which show high efficiency at each end of the visible 
spectrum? For instance, if we were able to combine the mer- 
cury vapor arc with a light from a material which showed its 
highest efficiency in the red end of the spectrum, the resultant 
light should be both satisfactory and economical. The 
carbon filament is, of course, not sufficiently efficient when 
maintained at a temperature where the red rays predomi- 
nate, but a combination of the Geissler tube effect with the 
mercury vapor arc would be a step in this direction. 

The matter of selective radiation is now just being raked 
over, and I expect to see some marked improvements in the near 
future in the matter of improving the ећсіепсу of electric light- 
ing along the lines of selective radiation rathe: than from high 
temperature of materials showing low vapor-tension. 

C. W. Hogan: Some time ay» mv attention was called to 
a new form of carbon filament, in which an efficiency of 2.5 
watts per candle-power was claimed, with an increased life 

ever our present form. I was afterward told that this was due 

to the cross-section of the filament, and I then made some cal- 
culations concerning the difference between the triangular and 
the circular cross-section. The triangular filament of 5 mils 
per side is compared with the circular filament having a diameter 
of 5 mils. In the triangular filament the section is 10,825, and 
in the circular, 19.66 sq. mils. With the same radiation surface 
it will give a length of 9.8 for the triangular, and 9.33 for the 
circular filament. With the same specific resistance, it will 
give resistance of one inch of carbon, for triangular 147.8, and 
for circular, 81.4 ohms. The final ећсіепсу figured for 16 c-p., 
using the same method of treatment for the same carbon mate- 
rial, would be 1.74 watts per candle-power for the triangular 
section against 3.31 for the circular section. 

I should like to know if there is anvthinginthe nature of the 
carbon which would render these figures void; that is, if the 
current density will be as uniform throughout the triangular 
cross-section as it is in the circular cross-section. The amperes 
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for that efficiency would be in the triangular cross-section 0.253 
and for the circular section 0.482, so that the carbon would: 
actually be carrying less current in the triangular section than 
in the circular section. . Consequently, it would be at a lower 
temperature, and having a greater radiating surface the life 
would be longer owing to the lower temperatures at which 
the carbon would be operated. And the total illumination from 
the triangular section would be greater, as there would be more 
ra‘liating surface for ihe light. 

Charles P. Steinmetz: Answering -first the questions raised 
during the discussion: I observed the tarnishing of iron in a 
vacuum, also when trying to use iron in the mercury arc lamp. 
Even in a very high vacuum, iron when heated shows the 
rainbow colors. I found, however, that even in a very high 
vacuum, if the mercury arc was started and the space so heated 
from the inside, remarkably large quantities of gas were given 
off by the glass walls,etc.,and to geta reasonably perfect vacuum 
it is necessary not only to get a very high grade mercury 
pump, to have only solid glass connections between the mercury 
pump and the vacuum tube, but to heat the tube by a heating 
chamber to a temperature just below where the glass sucks in 
and keep it at that temperature for hours with the pump work- 
ing. Then you get a good vacuum, usually, but not always. 
I consider it possible, therefore, that residual gas, absorbed and 
tenaciously held by the glass walls, mav gradually be given off 
and affect the iron or other metal. | 

As to the no»-luminous silicon arc, and the production of 
a very brilliant gas flame by silicon distributed through it, this: 
is a question of comparison. The intrinsic brilliancy of a gas 
flame is so very low compared with that of a luminous arc, that 
incandescent silica in the gas flame may appear very brilliant 
compared with an ordinary gas flame, while compared with a 
titanium or calcium arc flame, it would have to be called non- 
luminous. ' 

In regard to 3200? cent. as the melting point of tungsten: 3200° · 
cent. is the black-body temperature of melting tungsten, that 1s, 
the temperature which melting tungsten would have if its radi- 
ation were that of a black body, but if, as it is very probable,: 
the radiation of tungsten is not that of a black body, the true 
temperature of the melting point is lower than 3200? cent. 
| The manufacture of tungsten lamps would possibly be sim- 
plified if the metal could be made ductile. I must draw your 
attention to one feature, however: of all the incandescent fila- 
ments, the only one not suited for alternating current is the 
ductile tantalum filament, which shows a feature similar to the 
crystallization of wrought iron-under rapidly oscillating stress, 
while the osmium and carbon filaments, which have no fibrous 
structure, show no inferiority with alternating current. It ap-- 
pears to me possible, therefore, that a ductile tungsten filament : 
may be unsuitable for alternating current. 
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It is undoubtedly true that the increased surface of the tri- 
angular section radiates more light. Unfortunately, it also 
radiates in the same proportion more heat rays and more total 
radiation; that means the efficiency would be no better than in 
the case of the round filament, and the only difference would 
be that the total radiation from a triangular filament would be 
greater than the total radiation from a round filament of the 
same section, and therefore to maintain in the same tempera- 
ture of the triangular filament would require more energy in- 
put. The same would be the case by using a hollow filament, 
but no gain in efficiency results. 

Like many other interesting things, the fluorescent cathode- 
ray lamp has been tried in by gone years by Edison; an exhausted 
glass tube, coated on the inside with calcium tungstate crystals 
gave a beautiful white glow. I saw it in operation, but I under- 
stand that the difficulty was that the luminescence excited by 
the cathode rays is excited by an extremely high velocity 
bombardment, and the impact of this extremely high velocity 
does not only give light, but gives mechanical fracture and 
destruction of the fluorescent crvstals, and so limits the life of 
the lamp. | 

As to the discussion of the various illuminants. We are 
living in a remarkable time. A few years ago we had the 
incandescent lamp which as commonly used for series 
lighting of streets etc., looked somewhat like a red-hot hairpin, 
which you could see to steer by, just like a beacon light on 
the river; you could see the light, but you could not see any- 
thing with the light. There also was the arclamp:a big biotch 
of light, when you were under it you did not see anything, but 
were blinded by it, and before you came under it you could 
not see beyond it, and after vou left the light you could not 
see anything at all. 

The incandescent lamp has now been redeemed. It promises an 
efficiency of one watt percandle-power. "That meansit is superior . 
to the ordinary carbon arc lamp; and possibly you may go still 
higher in efficiency: the maximum efficiency of light given by a 
tungsten filament at the temperature of self-destruction is some- 
thing like 0.2 watt per c. p.; that is, if you run a tungsten lamp up, 
voltage the efficiency rises to something like 0.20f one watt per. 
с-р. at the moment where the filaments melt; that is, the efficiency 
at the melting point of tungsten. This ећсіепсу has been 
beaten by the flames carbon arc lamos and by the different ` 
types of titanium arcs. At the same time, the arc is a larger . 
size illuminant. The incandescent lamp has the advantage: 
of giving better distribution of light by smaller units; but the 
tungsten filament does not have this advantage as much as: 
the carbon filament, because at least at the voltage of 110, it- 
cannot be brought down to the same small units as can the carbon 
incandescent lamp: This means that very high efficiencies, 
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undreamed of a few years ago have been reached, and the race 
is still on between the arc and the incandescent lamp. There 
are future developments possible also in increasing the efficiency 
of the arc lamp, because even an efficiency of } of a 
watt per c-p. is ridiculously low compared with the efficiency 
of the electric motor. However, what is wanted is not light, 
but illumination, and in the problem of illumination the dis- 
tribution of light is of importance also, besides the total 
volume of light. In this respect the smaller size of units gives 
an advantage to the incandescent lamp. Again, high intrinsic 
brilliancy is a disadvantage; and low intrinsic brilliancy, that is, 
large light giving a surface, preferable. In that respect the 
advantage is with the mercury arc and the vacuum tube and 
against the ordinary arc, and also against the high eiticiency 
incandescent lamp. 

Furthermore, the specific physiological effects of the different 
colors of light also enter as essential factors, and this is a feature 
which never had to be considered before, because until the 
last few years all artificial illuminants gave about the same 
color, varying from an orange-red to vellow and yellowish-white, 
while at present you have the bluish-green of the mercury arc, 
the monochromatic yellow of the calcium spectrum, the white 
of the titanium arc and so get different colors of light, and the 
diflerence of the physiological effect of different colors thus 
requires consideration. 

I stated in my paper, for instance, that green is a much 
more efficient color than red, апа that the same amount 
of energy as green light gives many more candle-power than as 
red light; that is, the light-equivalent of energy is a function of 
the color. It is, however, not only a function of the color, but 
also a function of the total intensity. "Therelati esensitiveness 
of the eye for lights of different colors varies with the absolute 
value of the illumination. The difference of the sensitiveness 
of the eve for red light and for green light is many times greater 
at very low than at high intensity of light. Or, in other words, 
the physiological effect of lights of different color does not seem 
to follow the law of inverse squares of the distance, but varies 
faster than the square of the distance with red, slower 
with green light. That 15, if for instance you have a yellow 
flame carbon arc and a green mercury arc, which at 100 feet 
distance gives about the same illumination; that is, appear to 
the eve as of the same intensity, than at ten feet distance from 
the light, the yellow light appears far more intense, is glaring, 
while vou are disappointed in the green light. Again, at 1,000 
fcet distance, the green light appears far brighter than the yel- 
low, and gains over the ye:low; the farther away you go from 
the light, and when the orange yellow light has faded away as 
a faint star, the green light still throws its visible beam across 
the darkness. "Therefore, where a low intrinsic brilliancy is 
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desired, as in suburban lighting, where the green, irrespective 
of the physical efficiency, has a great advantage over the red- 
dish-yellow. The reverse applies where very high intensity is 
desired, a glare of light to draw attention for advertising pur- 
poses. Then the reddish yellow is always preferred. These 
physiological effects of different colors did not receive considera- 
tion in former times, but well deserve careful study now, where 
efficient illuminants of such widely different colors are availa- 
ble, as the flame carbon and the mercury arc. 


SELECTIVE RADIATION 


William S. Franklin (by letter); When a given substance 
is in thermal equilit rium at a given temperature, and sur- 
rounded on all sides by substances also in thermal equilibrium 
and at the same temperature, then the radiation from the 
given substance is what we call the normal or black-body 
radiation corresponding to that temperature and the composi- 
tion of this radiation; that is, the relative intensities of its various 
wave-length components, is a function of the temperature only 
and "independent of the nature of the given substance. The 
radiation consists, however, of three parts; namely, 

a. The part which is reflected by the substance, 

b. The part which is transmitted by the substance from 
behind, 

C. The part emitted by the substance. 

If the given suEstance were opaque and if it did not reflect, 
it would be called an ideal black body and it would emit normal 
radiation; and if it were heated to a given temperature in the 
open it would continue to emit the normal radiation correspond- 
ing to that temperature, on the assumption thatits molecular 
condition remains still the same as that which constitutes com- 
plete thermal equilibrium. 

If the given substance transmits or reflects certain wave- 
lengths in excess of others then it must, when it is in thermal 
equilibrium, emit certain other wave-lengths in excess (since the 
total radiation must be normal when the substance is surrounded 
by substances at the same temperature), and it is said to ex- 
hibit selective emission or selective radiation as it is usually 
called. Such a substance, when heated to a given temper- 
ature in the open, would emit a characteristic abnormal radia- 
tion on the assumption that its condition remains still the same 
as that which constitutes complete thermal equilibrium. 

Thus, in brief, we have a sketch of the fundamental idea of 
selective radiation in the form in which this idea is established 
in the thermodynamic treatment of radiation. 

My remarks on Mr. Steinmetz's paper were intended to point 
out the fact that the idea of selective radiation, as this term is 
used by Mr. Steinmetz and by every other writer on radiation 
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so far as I know, contains an idea which is entirely foreign to 
and incompatible with the narrow thermodynamic idea of 
selective radiation which is outlined above, and that this for- 
eign idea is of extreme importance in the problem of the pro- 
duction of light. | 


SELECTIVE EXCITATION 


Nearly every one knows that a serious inconsistency has for 
a long time confronted the physicist in the kinetic theory 
of gases,in that each of the various modes of molecular motion 
does not represent the same amount of energy, whereas each 
possible mode of molecular motion should represent the same 
amount of energy according to the kinetic theory. 

This difhculty has quite recently been explained by Professor 
Jeans, now of Princeton University, on the hypothesis that it 
takes time,and in some cases a very long time, for energy whieh 
is imparted to a gas as a particular mode of motion to become 
properly partitioned among all of the possible modes or, if a 
particular mode is very prone to produce ether waves, and thus 
lose its energy rapidly, its energy may fall far below normal 
on account of the slowness with which the store of energy of 
the other modes is shared by the particular mode as it loses 
energy by radiation. 

Thus in a gas the energy of intra-molecular motion seems in 
certain cases to radiate rapidly, and in a radiating gas the intra- 
. molecular energy is below par while; on the other hand, a gas 
which is heated by compression in a closed cylinder has energy 
imparted to it as increased translational motion and, according 
to Jeans, it may take a very long time for this translational 
energy to hammer itself, as it were, into the molecule by re- 
peated collisions. 

The indications are that the rapidity with which the energy 
of a particular mode of motion spreads among the various 
possible modes in any substance, solid, liquid, or gaseous, 15 a 
function of the temperature (if I may use the word temperature 
in a slightly inaccurate way), and that the spreading is rapid 
at high temperatures and slow at low temperatures. 

To show the application of Jean's idea to radiation, let us 
consider a hypothetical case, a substance to which energy is 
imparted predo minantly in those modes which correspond 
to luminous radiation,or in those modes which quickly share 
their energy with the luminous modes. In such a case the 
radiation from the substance would be predominantly luminous 
radiation 1f the spreading of energy into the non-luminous 
modes is not too rapid, that 1s, 1f the temperature is not too 
high; whereas if the spreading of the energy among the various 
modes is accelerated by rise of temperature the radiation would 
tend to include more and more of all the characteristic wave- 
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lengths of the substance. If the spreading of energy were 
infinitely rapid, the substance would bein a condition approaching 
the state of thermal equilibrium, and its radiation would be 
сапе] its selective radiation in the proper restricted sense, of 
this term. | 

It seems to me that the giving of energy to a substance 
predominantly in the form of certain modes of motion might 
be called selective excitation 

I wish in particular to emphasize the clear insight which 
Jeans' idea, as applied to radiation, gives to several remarkable 
facts which Mr. Steinmetz points out. The mercury-arc spec- 
trum for example contains no red lines of appreciable intensity 
when the vapor in the arc is relatively cool, whereas the spec- 
trum becomes greatly strengthened in the red and perhaps 
also in the infra-red if the vapor is very hot; the energy im- 
parted to the vapor selectively by the (presumably) highly 
particularized mode of motion which constitutes current con- 
duction,is spread rapidly among the various modes when the 
arc is hot, and only a small portion of it is radiated in the original 
modes. The slowness of spreading of energy among the modes 
of motion, even of solid and liquid substances,is shown by the 
phenomena of fluorescence, phosphorescence, and luminescence 
of solids and liquids, and also, I think, by the fact that many ` 
substances when bombarded by cathode rays emit line or 
band-spectra. Furthermore the remarkable band-spectra of 
absorption of didymium salts seem to show a slow spreading 
of energy into or out of the didimium atom. 

The great retardation of the spreading of energy at very low 
temperature is shown by the fluorescence at liquid-air temper- 
atures of many substances which do not fluoresce at ordinary 
temperatures. 

I agree completely with Mr. Steinmetz in his statement that 
theoretically there is no limit to the light efficiency of a lumi- 
nescent vapor,only I would go further and say that there is no 
limit to the light efficiency of a luminescent substance of any 
kind solid, liquid, or gaseous, and I would also be inclined to define 
the term luminescence as radiation under selective excitation. 

The reason that there is no limit to the light efficiency of 
radiation of a substance under selective excitation, is that me- 
chanical energy (as opposed to heat energy) may conceivably 
be delivered to a substance in a single mode of motion, whereas 
heat energy cannot conceivably be delivered to a substance in 
a single mode. Thus an example is given above of the delivery 
of energy (mechanical) to a gas as increased translational 
energy only, in the case of compression of a gasin a cylinder, 
and such mechanical energy of course spreads out more or 
less rapidly among all possible modes, and eventually becomes 
heat energy. It is quite remarkable, however,that energy im- 
parted to a gas by compression seems to spread out with ex- 
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treme rapidity among such modes as play a part in the deter- 
mination of the specific heat of the gas (as shown by the close 
correspondence between the calculated ratio of the specific 
heats at constant volume and at constant pressure of a bi- 
atomic gas, and the ratio as determined by methods involving 
quick expansion such as the method of Clement and Desormes), 
while the energy 15 spread into the other modes with excessive 
slowness. 

I believe that the idea of Jeans is destined to play an im- 
portant role in the theory of radiation from substances not in 
thermal equilibrium—which indeed is the only actual existent 
case of radiation. 

Consider the Welsbach mantle for example. We know that 
its spectrum 1s abnormal; that is, it departs very widely from 
ideal black-body radiation. Is it likely that this abnormal 
radiation 1s a genuine case of selective radiation in the restricted 
sense of that term, that is to say, is it likely that the hot sub- 
stance of the mantle presents all of its possible modes of 
molecular motion in approximately the relative intensities 
which correspond to thermal equilibrium and that the abnormal 
radiation is due to a natural preponderance in this substance 
of certain modes which jar the ether so as to produce luminous 
radiations, or is it likely that the abnormal radiation is due to 
selective excitation and a consequent wide departure of the 
hot substance from the condition of thermal equilibrium? It 
iS impossible to say. 

Energy is of course imparted to the mantle by the highly 
disordered movements of combustion, but surely these move- 
ments must be very far removed from the type of molecular 
motion which constitutes thermal equilibrium. That is .to 
say,the possibilty exists of a marked degree of selective exci- 
tation of the substance of the mantle and it seems to me that 
there 1s too much of a tendency to think of the abnormal radi- 
ation of the Welsbach mantle as an inherent property of the 
mantle (abnormal radiation due to selective radiation proper 
is due to an inherent property of a substance; abnormal radia- 
tion due to selective excitation depends of course to some ex- 
tent upon inherent properties of a substance, but alsoit depends 
quite as much upon the character of the selective excitation) 
whereas it may be a mutual property of the mantle material 
and the particular kind of combustion which is employed to 
heat the mantle. 
^. Consider the ordinary glow-lamp. Неге we have unlimited 
possibility of selective excitation because the motion which 
.constitutes the electric current is probably a highly particu- 
larized mode of motion. The approximately normal radia- 
tion from a glow-lamp seems to show an extreme rapidity of 
sprea ling of energy among the various modes of the solid sub- 
stance of the filament. 

In the case of a vapor-lamp we have perhaps something like 
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the same kind of excitation as in a solid-filament lamp, but a 
very much slower spreading of energy, especially if the vapor 
is relatively cool, and as a result we have an extremely abnor- 
mal radiation. 

In the firefly, or indeed in slowly burning phosphorus, we 
most certainly have a strongly marked case of selective exci- 
tation coupled with a comparatively slow spreading of energy. 
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DISCUSSION ON '"WiRELESS TELEGRAPHY" AT THE PHILADELPHIA 
Brancu, November 12, 1906. | 


C. D. Ehret: Will Dr. De Forest please state the differ- 
ence in principle and action between this audion and the Fleming 
rectifier, whose structural circuits so closely resemble those 
which he has placed on the blackboard 

Lee De Forest: In the first place, Fleming took the old type 
of tube (see Fig. 1) which was produced іп 1882, and which El- 
ster and Geitel had found would rectify currents. Fleming built 
a cylinder which had been used by Edison, like this: 

Fig. 1 shows the positive and negative connections of thebat- 
tery, with a direct-connected galvanometer, G. "There is a po- 
tential difference between this cylinder and the negative end 
of the filament in the Fleming rectifier, and, inasmuch as the 
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negative ions are travelling from the hot to the cold body, there 
is a local current passing through С all the time. Thus only the 
positive half of the current oscillation can pass across the 
gap, the other half being choked back. By using intense 
waves and a sensitive galvanometer here, Fleming was able to 
increase the deflection. The value of such a device as a wireless 
telegraph receiver is nil. Exceedingly powerful signals are 
required to affect this galvanometer atall Puta telephone in 
the circuit, and if thesignals are sufficiently intense you can deteot 
the pulsating currents in the telephone. Butitis not practicable, 
in commercial wireless telegraphy. But nowintroducean exter- 
nal electromotive force in thelead to the cylinder and connect 
the positive terminal with the wing. This increases the positive 
potential of the plate. The negative of this battery, “В,” must 
be connected tothe positive of battery “ А”; then we get the 
full trigger or relay effect of the hertzian oscillations, which I can 
briefly call the “ variation layer effect," whereby the hertzian 
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pulsations passing across the gap, control the variation layers 
before the electrode so that the local current flowing all the time 
has superimposed upon it alternating currents, whose source of 
energy is the local battery. These pulsations affect the tele- 
phone to a marked degree. In Fleming's case we have simply 
a hertzian-wave motor, and the hertzian wave merely acts with 
its own energy to cause deflection of the galvanometer armature. 
In the case of the audion with the two wings, the difference is 
still more marked, for we have a very marked decrease in the 
local current flow. The hertzian oscillation being applied to 
this insulated wing, produces now an effect not hereto- 
fore described. It causes a decrease in flux, but on top of that 
is the variation layer effect which I have just described, and 
which is indicated in the telephone. In a word, the chief dif- 
ference is this; with the Fleming rectifier we have a hertzian 
rectifier, and here in the audion we have a relay. 

C. D. Ehret: In the audion, is there always a normal flow of 
current from the battery B through the telephone. 

Lee De Forest: Yes, always; but superinduced upon this 
are the alternating currents due, apparently, to the alternating 
changes in the variation layers. 

C. D. Ehret: How do you connect the audion in a tuning 
circuit. You say it is a potentially operated device. 

Lee De Forest: It is connected as shown here in thetwo-wing 
type (See Fig. 2. Thetwo wings are connected to one leg of the 
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closed oscillating circuit, or we may have the antenna connected 
to the insulated wing, and one end of filament connected 
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direct to earth. It makes a difference in the responses how the 
.audion is connected in the oscillation circuit. If it is connected 
as shown here, the higher potentials are always applied to the 
wing, and the lower potential to the filament. The wingshould 
have the maximum potential impressed upon it. 

W. E. S. Temple: What is the voltage of the filament. 

Lee De Forest: For convenience I use a 6-volt lamp; from 
4 to 6 volts, using generally three cells of storage-battery. I started 
with 110 volts and then decreased it, finding high voltages imprac- 
ticable, as one hears always a great noise from the dynamo at the 
power station. The battery “A”, varies from 4 to 8 volts at 
the outside, and battery '' В’ from 6 to 18 volts. The current 
across the gap is very small, and I emplov a small set of dry 
batteries the life of which is at least six months. 

H. C. Snook: In connection with the different sensitiveness 
whch has been noted with reference to the platinum filaments, 
and the carbon filaments, I would like to ask whether there has 
been any experimenting done with the tantalum filaments? 

Lee De Forest: Iam using tantalum filaments entirely; I think 
they are much better. The temperatures are higher than with 
either the carbon or the platinum. I have never been able to 
use the Tungsten filament, but I should think it might give 
better results than the tantalum. 

Н. C. Snook: Can you make any statement regarding the 
use of the alkalis coated on these cathodes, similar to the work 
done by Dr. Wehnelt of Germany, whostates that the saturation 
of the current with the oxides of the alkalis of earths is much 
higher than in the case of the elementary metals, or the carbon 
filaments? 

Lee De Forest: The only thing we havedone has been tocoat 
them with the alkali salts of potassium and sodium. The life 
of the filaments is very short, but I presume they may yet 
be produced so as to be better than the tantalum filament; 
every consideration points that way. 

E. F Northrup: Will you not tell us more about that relay 
conection. If there is a rapid tap of the key, how rapidly can 
the relay be made to respond? Because, if you get the relay to 
act rapidly, you will be able to do a great many things in con- 
trolling motion, etc. 

Lee De Forest: We have never tried any signals more rapid 
than those required in the ordinary telegraph practice, about 
35 words a minute. Of course the sluggish voltmeter can be 
seen to deflect even with an instantaneous connection. A relay 
will operate positively at such speeds with very slight force, 
and as far as the audion goes, it will at least allow a speed of 35 
words a minute, and I presume that with an oscillograph it 
would reproduce perfectly oscillations of very high frequency. 
The telephone diaphragm does that. 

H.C. Snook: Do vou not think that the residue of the gas left 
within the exhausted envelope has something to do with this 
lag. 
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Lee De Forest: Well, of course, the gas has something to do 
with the phenomenon. If the exhausting process iscarried too 
far, the audion loses its sensitiveness. The gas particles, rather 
than the particles of the metal dust, are the carriers. I do not 
believe the dust particles are controlling at all. This extreme lag, 
when the battery ‘Б’ is of low voltage, is a most astonishing 
thing. You cannot imagine the gas all concentrated in that 
space around the insulated wing, while the hertzian oscillation 
is passing, but there seems to be either an abstraction of the ions 
into this space, and a very slow resumption of their original po- 
sitions, or else a complete de-ionization and a very sluggish 
reionization. The positive ions and negative ions unite and 
cease to be carriers; they are then nothing but air molecules. 
I have never been able to arrive at any adequate explanation 
for this lag. It is as puzzling as theafter-glowin a cathode-ray 
tube. Here we have the converse effect. Of course the time 
is seconds instead of hours, but whatever conducting property 
the gas originally had, is taken away from it for a few seconds, 
although the forces that gave it that property are still existant. 

I would like to know if any one present has ever come across 
any similar effect connected with the gas particles, or ions, 
call them what you will? 

C. D. Ehret: What is the action of a magnet on this audion. 
Is it an improvement or a detriment? 

Lee De Forest: It is a detriment ordinarilv, but it furnishes 
a way of regulating the flux, which can be regulated in 
a variety of ways. When the audion is put in a strong 
field at right angles to the flux of the ions, the ions 
tend to follow the magnetic lines of force. A great 
many will then go outside and do not strike the wings 
at all, so that if you have too great a flux, vou can reduce that 
flux by the magnet and restore the sensitiveness of the audion. 
As far as I have gone, it seems that the magnetic effect 1s more 
pronounced, when receiving low-frequency oscillations than high 
frequency oscillations, which gives us a new method of tuning. 

James Haywood: Can Dr. De Forest tell us what measure 
of efficiency this instrument has, as compared with former re- 
ceivers. In other words, how much farther can youtransmit 
a wireless message by using the audion? 

Lee De Forest: I wish I could say that the audion 1s‘* 8653 
times ” as sensitive as any other receiver, or even eight times, 
but all I dosay is that the audion is more sensitive than the '' elec- 
trolytic’’; the same signals are louder than with the electrolytic, 
and the operator always prefers the audion because the signals 
are louder. I wont say you can cover greater distance, but 1 
will say that for practical distances, the signals are louder on the 
audion than on the electrolvtic. 

George Breed: Dr. De Forest savs that one ofthese wings 
should be connected with the high potential side of the con- 
verter on the antenna; how does he determine them? 
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Lee De Forest: One side of the oscillating circuit is connected 
to the filament and to all the ramifications of thecircuits there 
attached. Here is the 'phone on the operator's head,a virtual 
ground, and consequently it is important to raise this other 
point of the oscillating circuit to its highest potentials. This 
insulated plate can be thus raised. The oscillating current is 
attuned by varying this shunting capacity and this self induc- 
tance, the same as with any receiver, but the tuning is decidedly 
sharper with the audion than with any other form of receiver 
that I know of. 


A paper presented at the 215th Meeting of the 
American Institute of Electrical Engineers, 
New York, March 1, 1907. 
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ALTERNATING-CURRENT ELECTROLYSIS* 


BY J. L. R. HAYDEN 
A. CONTENTS 

The development of the one-phase railway motor leads to 
the introduction of grounded alternating-current systems, in 
which the current is returned over the rail. With rail-return, 
necessarily more or less current strays through the ground, 
reaching gas and water pipes, lead cables,etc. When using 
direct current for railroading, lead cables,etc. are protected 
against electrolytic corrosion by connecting them to the nega- 
tive terminal of the circuit, so that the strav current enters 
the cable from the ground, but does not leave it: that 15, the 
cable is always at a negative potential against ground. With 
alternating currents this method of protection evidently 1s 
not feasible, since the potential difference constantly reverses. 

An investigation was therefore undertaken to determine 
whether, and to what extent, alternating currents passing be- 
tween any metallic conductor and the ground would produce 
electrolytic corrosion. These tests were started in the spring 
of 1906, and carried on practically continuously throughout 
most of the year. 

These tests were extended to the investigation of different 
current-densities and different frequencies. First, several Sẹ- 
ries of tests were made with diluted solutions of such salts as 
may be expected in the ground. Then different kinds of 
жш arranging this 1nvestigation, laying out the tests, and w orking. up 
their results, and in recording them in the present paper. I am greatly 
indebted to Dr. Charles P. Steinmetz, ;n whose laboratory the investigation 


was made, and to the General Electric Co., which supplied: the means dnd 
facilities for carrving out the work. 
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soils were investigated, and then tests made on a typical soil 
by adding different substances—carbonates, sulphates, organic 
matter, etc., and noting their effects. Ultimately, the possibility 
of protection against electrolytic corrosion was investigated. 

In the first sets of tests, lead and sheet-iron were investi- 
gated; in the last tests only lead plates were used, as the first 
tests proved the relative unimportance of iron. 


B. METHOD or TEST 


Plates of 1.25-in. width and 2.5-in. height were used; that 
is, with about 6.25 square inch exposed area, of very thin and 
pure sheet-lead, so-called ''test lead." These plates, after 
cleaning, were weighed on a chemical balance, reading accur- 
ately to about 0.5 milligrammes, then immersed in the electro- 
lyte or the soil, the current passed through for a time varying 
from 60 hours to 390 hours; then the plates were taken out, 
washed with water and diluted acetic acid, (about 10%) dried, 
and again weighed. The total weight of the plate was about 6 
grammes, and the amount dissolved usually several hundred 
miligrammes. Check tests showed that the amount of lead 
which can be dissolved chemically by acetic-acid washing does 
not exceed 1 or 2 milligrammes. The iron plates were cut 
to the same size, from transformer iron of 10 milligrammes 
thickness, having an average weight of 2.5 grammes. They 
were treated in the same manner, except that very dilute 
hydrochloric acid was used for washing. 

As containing vessels, glass tumblers were used of about 
250-cu. cm. volume, and the soil was kept moist by replacing 
the evaporation with distilled water. A number of tumblers 
were connected in series with an alternating-current circuit, 
` and immersed іп a water bath. The same number of tum- 
blers with similar contents but not connected to the electric 
circuit were immersed in the bath, and used as a check to de- 
termine the spontaneous corrosion due to chemical action of 
the soil. ; 

As source of 60-cycle current were used the lighting mains of 
the City of Schenectady; as source of 25-cycle current, a small 
inverte l one-phase converter changing from direct to alterna- 
ting current; as source of direct current, a mercury-arc rectifier 
operated from the 60-cycle circuit. 

To give quantitative values, all the results are expressed in 
percentage of direct-current electrolysis; that is, the amount 
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of metal dissolved per ampere-hour bv alternating-current 
electrolysis is given in terms of the amount which 1 ampere- 
hour direct current should dissolve by Faradav's law: 3.86 
grammes lead and 1.035 grammes iron per ampere-hour, assuming 
the valency of both metals as 2. In some tests, plates of one- 
half or one-quarter of these sizes were also used, in series with 
full-size plates, to determine the effect of various current- 
densities. | 
C. Tests WITH SALT SOLUTIONS 


One per cent. solutions in distilled water were used of those 
salts which may be expected in the soil. 


l. 165 ammonium nitrate. 

2. 155 »: carbonate. 

3. 0.5% sodium nitrate and 0.5€¢ potassium nitrate. 

4. 0.56, ч carbonate and 0.59, “ carbonate. 
5. 0.5% i chloride and 0.59 n chloride. 
6. 0.5% x sulphate and 0.5% “ sulphate. 
7. 0.25% ammonium nitrate, 0.25€5 ammonium carbonate, 


0.125% sodium chloride, 0.1258 potassium chloride, 
0.125% sodium sulphate, 0.125€, potassium sulphate, 
referred to in the following as '' mixture.” 
Eight sets of tests were made; four with lead platesand four 
with iron plates, under the following conditions: 


а. 60 cycles 0.3 amperes, ог 0.048 amperes per square inch 


b. 60 “ 0.09 oe nn 0.0144 46 (4 “ 44 
с. 25 " 0.3 M '" 0.048 > = = ^" 
d.25 “ 0.09 = “ 0.0144 = " 7 e 


It 1s interesting to note that considerable quantities of lead 
were found in solution only with ammonium nitrate, and 
small traces of lead with sodium-potassium carbonate. No lead 
went into solution with the other salts. 

The results of the four sets of tests made with lead plates 
are given in Table I; the results of the tests with iron plates 
in Table II. 

As indicated by Tables I and II, the electrolvtic corrosion 
due to alternating current is very small compared with the 
electrolytic effect due to direct current. as shown by columns 
h and 7; in no case did it equal 1%, in fact it rarely exceeded 
4%, of the direct-current electrolvsis. 

In general, then,iron isattacked less than lead. It therefore 
seems that, in general, with iron, alternating-current electro- 
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lysis is less to be feared, except in extreme cases; that is, with 
large currents passing between rails and iron pipes. With lead ca- 
bles, the amount of corrosion indicated by Table I, would in 
many cases lead to a rapid destruction of the relatively thin 
cable sheet. The effect of alternating current on lead cables 
is therefore the more serious problem. 

As shown in Table I, no general relation exists between the 
chemical corrosion, column e; that is the corrosion taking 
place without any current, and the electrical corrosion, column 
1, resulting from the passage of an alternating current. For 
instance, the chemical corrosion is about the same with 
sodium-potassium nitrate as with carbonate solutions; 


TABLE III. 
LEAD PLATES. 


Total Corrosion Electrical Corrosion 


Chemical | c» direct-current CO, direct-current 
corrosion electrolysis electrolysis 
mg. per | . Dee Meo Бе - 
Electrolyte hour 25 60 ! avg. 25 60 avg. 
а. ammonium nitrate.............. 2.18 0.889,0.512| 0.700] 0.483; 0.103, 0.293 
b. ammonium carbonate...........| 0.102 {|0.409'0.151; 0.280| 0.390. 0.132 0.261 
sodium potassium nitrate........ 0.553  (0.709:0.491; 0.600| 0.608, 0.391: 0.500 
d S carbonate..... 0.535 [0.0853 0.110 0.096| 0.017 0.009; 0.004 
с. Ы н chloride....... 0.270 02002 0.218] 0.169) 0.166 0.167 
d. 5 x sulphate...... 0.316 ее 0.126| 0.074! 0.058! 0.066 
Мїхїишге...................... 0.170 |0.3630.391| 0.377| 0.333 0.358| 0.345 
Avg. of afb, c,d...............] 0.717 |0 0 


а а .331| 0.279) 0.115] 0.197 
| 


Ammonium nitrate: large quantities of lead in solution. 

Sodium potassium carbonate: traces of lead in solution. 

Ammonium carbonate; very small traces of lead in solution in chemical, but none in 
electrolytic corrosion. 

All others, including sodium potassium nitrate and chlorides: no traces of lead in solution 


while the electrical corrosion is very high with nitrates, and 
practically neglible with carbonates. | 
^ High current densities sometimes increase the electrical cor- 
rosion, as with ammonium salts, sometimes it decreases the 
corrosion, as with chlorides; but usuallv the current density 
has no appreciable effect. | 

In general, electrolytic corrosion is greater at lower frequency, 
but this is not always the case. For instance, with carbonates, 
where the electrolvtic action is very low, high frequency seems 
to corrode more than low frequency; but with alkali nitrates, 
chlorides. and the mixture of salts, frequencv has no appreciable 
effect. 
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Interesting is the comparison of the last two columns, f, the 
ratio of the total corrosion to the chemical corrosion, and k, 
the ratio of current to frequency; that is, the electric quantity 
per half wave. In most cases these two columns correspond 
closely; that is, the higher the quantity of electricity per alter- 
nation the greater the corrosion. 

To investigate these relations still further, Table III gives 
the average values of corrosion, chemical, electrical, and total 
for 25 cycles and for 60 cycles. Table IV gives the average 
values for high- and for low-current densities, and their averages. 

In the last row of these tables is given the corrosion which 
should be expected from the mixture, calculated as average of 
the corrosion due to its components. As seen, the mixture of 


TABLE IV. 
LEAD PLATES. 


Total Corrosion Electrical Corrosion 


Chemical | c; direct-current % direct-current 
corrosion electrolysis electrolysis 
mg. per | _ Co UU e 3 

Electrolyte hour 


0.3 | .09 | avg. 0.3 .09 avg 
amp. jamp. amp. | amp. 


d. ammonium nitrate.............. 2.18 0.595/0.806, 0.700| 0.410, 0.175, 0.293 
b. ammonium carbonate...........| 0.102 |0.3810.179| 0.280| 0.373, 0.149 0.261 
sodium potassium nitrate....... .| 0.553  |0.545/0.656| 0.600] 0.498} 0.501| 0.500 
carbonate.....| 0.535  |0.061,0.131, 0.096| 0.014! 0.022! 0.004 

с. x р chloride....... 0.0270 |0.12410.313| 0.218] 0.100} 0.234| 0.167 
d. “ “ sulphate...... .0316 |0.072/0.180! 0.126| 0.045! 0.087 0.066 
Мїхїигє.......................] 0.170 |0.33210.422| 0.377] 0.317! 0.373| 0.345 
0.331] 0.232' 0.161, 0.197 


Avg. of a, b, с, а.............. | 0.717 pee ы | 


different salts gives a very much lower chemical attack than 
the average attack of the components; that is, some salts, as 
the sulphates or carbonates, protect the lead against the attack 
by the nitrates. Electrolytically, however, the reverse is the 
case; this protective action of one salt against the attack by 
another does not seem to exist. 

The conclusion herefrom is, that it may be possible to protect 
lead cables chemically against spontaneous or chemical cor- 
rosion by surrounding the cables with alkali sulphates, forin- 
stance, but this affords no appreciable protection against elec- 
trolytic action by alternating current. 

In Table I, the data on the electrical corrosion by ammonium 
nitrate are not very reliable, since ammonium nitrate attacks 
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and dissolves lead chemically so rapidly that the additional at- 
tack by the alternating current cannot be determined accurately. 
In all other cases, the chemical corrosion is rather less than the 
electrical. | 


TABLE V. 
Leap PLatES—ORDER OF CHEMICAL CORROSION 

mg. per 

hour 

1. Ammonium пїїгаїе.............................. 2.18 

2. Sodium-potassium пїїгаїе........................ 0.553 

3.. Sodium-potassium сагропаќе..................... 0.535 

4. Sodium-potassium ѕирћһаїе....................... 0.316 

9. Sodium-potassium chloride........... 0... e eee eee 0.270 

ОТЕ оо о Bete Greenest 0.170 
7. 


Ammonium сагропаїе........................... 0.102 


Table V. gives the order in which lead is attacked chemically 
by the different solutions. Nitrates attack the hardest, next 
come the alkali carbonates, and last is ammonium carbonate, 
and the mixture of salts in which some salts act as a protection 
against the others. 


TABLE VT. 
Lean PLATES. ORDER OF ALTERNATING-CURRENT ELECTROLYTIC CORROSION 


Total Corrosion Electrical Corrosion 
Cycles Amperes Average Cycles Amperes Average 
25 | 60 | 03 | 0.09 (35 | 60 | оз | 0.09 
1 | D) 1 2 | 2 2 2 2 
2 | p 2 | 2 2 1 6 1 6 6 
7 | 6 7 | 6 6 7 5 7 5 1 
6 5| 6 | 5 7 6 | 7 | 6 1 7 
5 7 51 | з 5 5 | 1 5 7 5 
4 4 4) |. 4 4 4 4 4° 4 
3 | 3 3 3 3 3 3 3 3 3 


Table VI gives the order of attack by alternating current, 
the total corrosion, and the electrical corrosion. The different 
solutions are given by their numbers in Table V; that is, the 
numbers in Table VI represent the order of chemical corrosion. 
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As seen, the nitrates give the greatest corrosion, chemically 
as well as electrically. The other salts act electrically practical- 
lv in reverse order to their action chemically: the alkali carbon- 
ates give the greatest chemical and the least electrical attack, 
next come the sulphates, then the chlorides. 


TABLE VII 
LEAD PLaTES—ORDER or TOTAL CURROSION 


Co direct-current electrolysis 
‘Number: Total: Electrical 


Ammonium nitrate and sodium-potassium 


quiero RM E 12 0.650 0.397 
Mixture, and ammonium carbonate...... 67 0.329 0.303 
Sodium-potassium chloride.............. 5 0.218 0.167 
Sodium-potassium sulphate........ .... 4 0.126 0.066 
Sodium-potassium carbonate........... з 0.096 0 


The approximate order of electrical corrosion of the different 
solutions is given in Table VII. Comparing Table VII with 
Table V, it is evident that, with the exception of ammonium 
nitrate and sodium-potassium nitrate the order of attack is 
reversed. 


TABLE VIII. 
Leap PLATES. Ratios. 
Solution Net corrosion, by current only 
Low High 
frequency current 
high ow 
— j] 
і 
0.3 ТА avg. 25 | 60 avg 
amp. | amp. i 
кл 
1. Ammonium nitrate...................-.| 8.77 | 1.87 | 4.69 ae 69 | 2.34 
2. Ammonium carbonate. ............ sess 3.23 | 2.38 | 2.95 71 | 2.00 | 2.51 
I + 
3. Sodium potassium nitrate............... 1.56 | 1.56 | 1.56 | 0.995 éd 0.995 
4. carbonate........... | | 
| 
5. chloride.............. 1.06 ; 1.00 | 1.02 0.435 0.41 , 0.427 
6. sulphate..............| 1.41 | 1.20 | 1.28 | 0.55 | 0.47 | 0.517 
7. Мїхїшгє.............................-.] 0.68 | 1.21 | 0.93 | 0.63 1.11 | 0.848 
8. Avg. of 1,2, 5, 6................. | | 2.43 | | 1.44 


Table VIII gives the ratio of electrical corrosion at low fre- 
quency to that at high frequency, and the ratio of corrosion at 
high current-density to that at low current-densitv ; that 15, 
gives the effect of frequency. and of current-densitv. 
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ORDER or RaTIOS 


Frequency ratio: high current............... 12 3 6 5 7 
low E CTI m 213 7 6 5 
average "арау 12 365 7 
Current ratio:low frequency................ 123 7 6 5 
high © MuNAEEH ES Debut 27 3 1 6 65 
average "аз de dad s 2.1 3 7 6 5 
Total ауегаре......................... 213 7 6 5 
Or. order of ratio: Dd. frequency, or mgh current, that is, 
high low 
high ; es 
T quantitv of electricity per half wave: 


Ammonium nitrate and carbonate. 

Sodium-potassium nitrate. 

Sodium-potassium sulphate, and mixture. 

Sodium-potassium chloride. 

As seen, the effect of frequency varies from 4.69 with 
ammonium nitrate to 0.93 with the mixture, and the effect of 
current density from 2.51 with ammonium carbonate, to 0.427 
with alkali chlorides. In general, then, the order of salts in 
the two cases is similar; that is, decreasing frequency and in- 
creasing current-density have similar effects. 

These tables show, however, that the effects of frequency 
and of current-density depend very largely on the chemical 
constitution. Ammonium salts show a very great increase of 
corrosion with increasing current-density, or decreasing fre- 
quency; whereas chlorides and sulphates show little effects of 
frequencv, and a decrease of corrosion with increasing current- 
density. In general, the conclusions of the tests with lead 
plates in salt solutions are: 

]. Chemical as well as electrical corrosion is greatest with 
nitrates. With other salts or mixtures of salts, the electrical 
corrosion is not proportional to the chemical corrosion, but, 
with the salts investigated, rather inversely proportional thereto; 
that is, where the chemical attack is considerable, the electrical 
action is more completely reversible than with a chemically 
less active electrolyte. 

2. Current-density in general has no decided effect. High 
current-density increases the attack with some compounds, as 
ammonium salts, and decreases it with others, as chlorides and 
sulphates, provided the current density is not so high as to give 
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an appreciable increase of temperature, which then increases 
the corrosion. 

3. Low frequency usually attacks more than high fre- 
quency. But the increase of corrosion due to lower frequency, 
entirely depends on chemical constitution, being largest with 
ammonium salts, and practically negligible with chlorides and 
sulphates. ; 

4. Mixtures of salts frequently give a greatly reduced chem- 
ical corrosion, but give about the same or a higher electrical 
corrosion than their components; that is, chemical protection 
fails to protect electrolytically. 

9. Iron is less attacked than lead, and is practically not 
attacked at all by carbonates. 


D. EXPERIMENTS WITH DIFFERENT SOILS 


Tests were made with different soils. 

1. Garden soil, a clay loam, taken from Dr. Steinmetz's 
garden. | 

2. Street mud, collected from the surface of Schenectady's 
main street (State Street railway crossing), where the New 
York Central Railroad crosses the trolley line, and thus containing 
the accumulated effect of foot, horse, electric, and steam traffic. 

3. Sub-soil, a sandy soil collected from below the street sur- 
face in the older part of Schenectady, where people lived for 
over 200 years, the soil containing the seepage of centuries. 

4. À mixture, 1n equal volume, of these three soils. 

The soil was kept moist by replacing evaporation with dis- 
tilled water. It was considered that these three soils are about 
representatives of the more severe conditions to which lead 
pipes and cables in the soil are exposed. Four sets of tests 
were made, of lead plates, and of iron plates, with 60 cycles 
and with 25 cycles, all at one-tenth ampere current. The same 
size of plate was used as before and tested in the same manner. 
The results of these tests are abstacted in Table IX. 

Very marked, however, is the effect of frequency. While at 
60 cycles the electrical corrosion is very small, averaging less 
than 0.05% with lead plates, it 1s quite considerable at 25 cycles, 
averaging 0.222^;. 

The chemical corrosion of lead plates averages 0.148 milli- 
grammes per hour, with 6.25 square inch plate surface. The 
total corrosion averages 0.085% at 60 cycles, and 0.216% at 
25 cycles, and the electrical corrosion averages 0.04795 at 60 
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cycles and 0.22% at 25 cycles. Especially marked is the 
enormous increase of corrosion with increase of temperature, 
which is investigated later. 

Comparing the relatively small differences found in Table IX 
for different soils, with the great variations in the attack due 
to different salt solutions, in Table I and II, it was thought 
sufficient in the further investigations to use only one form of 


TABLE IX. 


JUNE 21 ro Juty 17, 1906. Tests witH DIFFERENT SOILS. 
Plates, 6.25 sq. in. total surface; 0.1 ampere. 


Dur. of |. milligrammes dis-  |€« direct-current 


ЕЯ ЕКЕ test solved per hour electrolysis — 

cycles hours | chem.| total | elec. total | elec. 

a b с е f £ h 1 
Lead Plates. . | 

Garden ѕ0ї1............... 60 254 |0.115 |0.227 0.112 | 0.059 | 0.029 
25 244 0.908 ,0.793 | 0.235 | 0.205 

Street ти4а............... 60 254 |0.130 10.311 (0.181 0.081 0.047 
25 244 1 250 |1.120 | 0.324 | 0.290 

5$чЬ-5ой®*.................. 60 254 |0.224 0.462 |0.238 | 0.120 | 0.062 
| 25 244 o 642 |0.418 | 0.167 | 0.108 
Mixtures E 60 254 [0.121 10.310 |0.189 | 0.080 | 0.049 
on Pistes: 25 244 1.221 |1.100 | 0.317 0.285 
Garden вой...............] 00 254 |o.078 |0.169 0.091 | 0.163 | 0.088 
25 244 0.252 |0.174 | 0.243 | 0.168 

Street тпа................ 60 254 ]|0.036 0.099 0.063 | 0.095 | 0.061 
25 244 0.139 |0.123 | 0.154 | 0.119 

Sub-soil*........ cece wee eas 60 254 |0.092 0.95 (0.89 0.945 bte 

25 244 1.99 11.90 1.93 1.83 

MIXUUITÉ Lois eod or rad 60 1 254 ]|0.044 0.092 Heal 0.089 | 0.046 
25 244 lo 087 0.043 0.084 | 0.042 


> 


* Appreciable rise of temperature by 7? r. 


soil as typical—the mixture referred to above, but to 
investigate the effect of the addition of different substances. 


E. SALT SOLUTIONS IN SOIL 


Tests were therefore made by moistening the soil, not as be- 
fore with distilled water, but with very diluted solutions of 
nitrates, and nitrites, carbonates. sulphates, and their mixture, 
to determine whether the presence of nitrates increases the 
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corrosion, and the presence of carbonates or sulphates exerts a 
protective action. These experiments were made only at 25 
cycles, 0.1 ampere, with the same size of lead and iron plates, 
of 6.25 square inch total surface, and are abstracted in Table 
X and XI. 

The following solutions were used. 

1. City water, (Schenectady) containing appreciable quanti- 
ties of bicarbonate of calcium. 

2. Solution of 0.16% potassium carbonate and 0.1% sodium 
carbonate in distilled water, a total of 0.2%. 

3. Solution of 0.1% potassium sulphate and 0.1% sodium 
sulphate, in distilled water, a total of 0.2%. 


TABLE X. S 


Jury 23 to AvGust 3, 1906. Mixen боп. AN D SaLt SOLUTIONS, 


25 cycles, 0.1 ampere, 6.25 sq. in. total plate surface. 
Duration of test, 219.5 hours. 
Mean temperature of water bath. 23.79 cent. 


Milligrammes dis- Oc direct-current 
solved per hour electrolysis 
Electrolyte р | | 
chem. | total ! elec. total elec 
a e Í ! g h $ 
Lead Plates. | 
City water........ 0.106 | 0.851 | 0.735 | 0.221 | 0.194 
Potassium sodium carbonate........... | 0.104 0.304 0.200 0.079 0.052 
Nitrates and nitrites...... 0.166 0.716 0.550 0.186 0.143 
Carbonates, nitrates and nitrites......... 0.128 0.481 0.353 0.125 0.092 
Iron Plates. | 
City water....... 0.073 0.262 0.189 0.253 0.183 
Potassium sodium carbonates......... 0.117 0.288 0.171 0.278 0.165 
Nitrates and nitrites......... 0.100 0.203 0.103 0.196 0.100 
Carbonates. nitrates and nitrites....... 0.112 0.365 0.253 0.353 0.245 


4. Solution of 0.19 ammonium nitrate, 0.056% potassium 
nitrite, and 0.05% sodium nitrite in distilled water, a total of 
0.2%. 

5. Solution of 0.1% potassium carbonate, 0.1°¢ sodium car- 
bonate, 0.17; ammonium nitrate, 0.05%% potassium nitrite, 
0.0595 sodium nitrite, a total of 0.4%. 

6. Solution of 0.1% potassium sulphate, 0.19 sodium sul- 
phate, 0.1% ammonium nitrate, 0.05% potassium nitrite. 0.05% 
sodium nitrite, a total of 0.4%. 

A comparison of Tables X and XI well illustrates the erratic 
character of the phenomenon of alternating-current electrolysis. 
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These two tests were made immediately after each other, under 
as nearly identical conditions as possible; the same frequency, 
current-density, etc., the same kind of soil, and practically the 
same temperatures. The chemical corrosion in both tests is 
about the same. In the second test it 1s somewhat less with 
lead plates, and somewhat more with iron plates, than in the 
first test. Wide differences are found in the electrical corrosion, 
not onlv in the numerical values, but also in the character of 
the effect produced by the different electrolytes. 

In the first test, nitrates and nitrites exert a marked protective 
action on iron plates, which, however, disappears in the presence 


TABLE XI. 
AucusT 7 то 23, 1906. MixEv Soit AND ЅАІТ Souution. 
25 cycles, 0.1 amperes, 6.25 sq. in. total plate surface. 


Duration of test, 333.5 hours. 
Mean temperature of water bath, 22.39 cent. 


Milligrammes dis- ùo direct-current 
solved per hour elcctrolysis 
Electrolyte ——— =з ш = 
chem. total elec. total elec. 
a e E $ 
l.ead Plates. 
City жайег............................] 0.085 1.160 1.075 0.300 0.278 
$ми]рһа{їев.............................] 0:073 0.505 0.432 0.131 0.112 
Nitrates and nitrites...................] 0.101 | 1.911 1.810 0.495 0.469 
Sulphates, nitrates and nitrites..........] 0.108 | 2.048 | 1.94 0.530 0.503 
Iron Plates. 
City water........ 0.102 | 0.212 | 0.110 0.204 0.107 
$и1рһа{ев.............................] 0.145 i 0.370 | 0.225 | 0.357 | 0.217 
Nitrates and nitrites........ 0.158 0.483 0.325 0.466 | 0.313 
Sulphates, nitrates and nitrites....... 0.155 0.642 0.487 0 


.618 | 0.469 


of carbonates. In the second test, nitrates and nitrites greatly 
increase the corrosion of iron plates. This may have some- 
thing to do with the possibility of a passive state of the iron, 
and needs further investigation. 

Carbonates exert a marked protective action on lead plates, 
which is reduced if nitrates and nitrites are present; even then 
it is considerable. Sulphates also exert a protective effect on 
lead plates, but this protective action disappears, and the cor- 
rosion is increased in the presence of nitrates and nitrites. 
This agrees with previous experience in the tests with salt 
solutions. With iron plates, sulphates increase the corrosion. 

It seems then that a certain protective action against alter- 
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nating-current electrolysis of lead plates is exerted by carbonates 
and by sulphates. Since alkali salts are excluded from prac- 
tical use by their solubility, a series of tests was undertaken to 
determine the. effect that calcium carbonate and sulphate— 
chalk and gypsum—have on alternating-current electrolytic 
corrosion, when mixing these salts with the soil surrounding 
the lead cables. 


Pd 


Е. CarciuM SALTS IN SOIL 


Tests were made on the effect produced by mixing 5% chalk 
or 5% gypsum, or both, with the soil used in alternating-current 
electrolysis. Some tests were also made by adding 5% Port- 
land cement, and by adding 5% fertilizer, containing nitrates. 


TABLE XII. 
Aucust 25 ro SEPT. 9. 1906. Leap PLATES. 
25 cycles, 0.1 ampere, 6.25 sq. in total plate surface. 


Duration of test. 362 hours. 
Mean temperature of water bath, 23.1? cent. 


Milligrammes dis- % direct-current 
solved per hour electrolysis 
Electrolyte ——g— кызыды rure Ерна 
. chem. total elec. total elec. 
Solid Liquid 
a e f £ h $ 
Mixed soil. City water.....| 0.116 1.256 1.140 0.326 0.296 
Mixed soil. Salt solution*. .| 0.117 0.794 0.677 0.206 0.176 
Mixed soil. +5% Chalk. City Water..... 0.079 0.245 0.166 0.0635 | 0.043 
+ 5% Gypsum. 
Mixed soil. Salt solution®. .| 0.126 0.704 0.578 0.182 0.150 
+ 5% Chalk. 
+ 5% Gypsum. 


* 0.5% solution of mixed potassium, sodium, ammonium, nitrates, nitrites, chlorides, as 
describea above. 3 


phosphates, and ammonium compounds. Only lead plates 
were used, of the standard size of 1.25 in. by 2.25 in., with a 
current of 0.1 ampere. 

Tests were made at 60 cycles, as well as at 25 eyeless. to de- 
termine the effect of fıequency. Some tests were made with 
plates of half and quarter size, in series with full-size plates, 
to determine the effect of current-density. The 60-cycle and 
25-cycle tests, and the tests with full-, half-, and quarter-size 
plates, were made simultaneoutly, with the tumblers immersed 
in the same water bath so as to have the same temperature 
in all these tests. 

Tests were made with the mixed soil, and also with the same 
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soil by adding: 5€, chalk, 5% gypsum, 59, Portland cement, 
5% fertilizer: containing nitrates, phosphates, ammonia, 

5% fertilizer, 5% chalk, and 5% gypsum. City water was used 
as liquid, си іп a few tests, in which 0.5% salt solution 
was used, of the following constitution: ammonium nitrate 2, 
potassium nitrite 1, sodium nitrite 1, potassium chloride 1, sodium: 


TABLE XIII. 
Sept. 17 To Ост. 3, 1906. Leap PLATES. 


0.1 ampere, 6.25 sq. in. total plate surface, half and quarter thereof. 
Mean temperature of water bath, 22.79 cent. and 19.5? cent. respectively. 


Liquid: City Water. 


Duration] Milligrammes dis- Cc direct-current | Ratio 
s Frequency | of test. solved per hour electrolysis of 
Electrolyte cycles hours Sas Sey CIN GNESI ae uuum attack 
2 2.7? cent. chem. , total | elec. total elec. 25-60 
a b d е | £ h з l 
Mixed soil........ 25 277 0.159 1.451 1.292 | 0.376 0.335 
60 306 0.996 10.837 | 0.258 | 0.217 | 1.54 
i | 
pues ов + 5% 25 277 0.155 ies: 0.933 | 0.282 0.242 
chalk .......... 
60 306 ‘0.711 baa 0.184 , 0.144 1.68 
Mixed soil + 5% 25 277 0.180 1.843 [9:663 0.478 0.431 
gypsum........ "E i | 
60 306 10.435 10.255 | 0.113 0.066 6.53 
Mixed soil + 5% 25 271 .134 11.544 j|.410 0.400 0.365 
chalk + Е вур: |. | А 
sum. ... 60 306 0.499 0.365 | 0.129 0.095 3.84 
| 
Mixed soil + 5€5.|. 25 277 0.247 10.485 10.238 | 0.125 , 0.062 
Portland cement |. i 
| ‚60 306 0.512 ! 265 | 0.132 | 0.068 | 0.91 
19.5? cent. l | 
Mixed soil am 5f, 25 217 0.301 2 481 '2.180 | 0.642 .565 
fertilizer.. D d | 1.86 
60 234 1.474 hi 173 | 0.383 . 304 
Mixed soil + 56- 25 217 0.303 13.638 ,3.335 | 0.940 .864 
fertilizer + 5% | 
chalk d 5% gyp- | 
sum. 60 234 2.483 2180 0.643 564 1.353 
- Mixed soil. à size| 25 217  |0.162 !1.289 EI 0.334 .292 
plates........... 
60 234 1.119 ‚0.957 0.290 0.247 1.18 
A i 
Mixed soil 1 size 25 217 | 
plates... ...... - [0.064 1.839 |1.775*| 0.476 | 0.460 
60 234 \ | | ! 


* Lead plates eaten to pieces. The pieces were collected as far as possible. but no 
doubt some escaped. hence this value is probably somewhat too larye. 


chloride 1, water 1194. Each tumbler contained about 120. 

cu. em. of liquid, in addition to the soil. | 

' The three sets of tests are given in Tables XI, XII and XIII 
Table XII seems to show that the verv diluted salt solution 

rather reduces the electrolvtic corrosion. i 
The addition of chalk and gypsum to the soil exerts a marked 


' ! 
! E ©. C a ' 
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protective action, which, however, practicallv disappears when 
a mixed salt solution is used instead of water. 

Table XIII shows a moderate protective action against elec- 
trolytic corrosion, exerted by the addition of chalk to the soil. 

Gypsum exerts a marked protective action only at 60 cycles, 
but increases the corrosion at 25 cvcles. 

Addition of chalk. as well as gvpsum, gives the same effect 
as gypsum: a reduction of the corrosion at 60 cvcles, but an 
increase at 25 cycles. 

Organic materials, as fertilizer, à increase the electrolvtic 
corrosion, and the addition of chalk and gvpsum in this case 
still further increases the corrosion. 

The effect of Portland cement is interesting: while the 
chemical corrosion is greatlv increased by cement, from 0.159 to 
0.247 milligrammes per hour, the electrolytic corrosion is greatlv 
reduced and becomes very small at either frequency. 

The current-density seems to have very little, if any, effect, 
since half-size plates, with the same current, give practically 
the same corrosion as full-size plates. 

Especially interesting is the effect of frequency. In general, 
at lower frequency the corrosion is greater; but the order in 
which it varies with the frequency very largely depends on the 
chemical character of the soil. With soil only, the corrosion 
increases with decreasing frequency, but not any where near 
inversely proportional to the frequency. The addition of chalk 
or fertilizer seems slightly to increase the effect of frequency, 
but not to any great extent. Gypsum very greatly increases 
it, so that 60-cycle electrolysis nearly disappears, and the 25- 
cycle electrolysis is more than six times the 60-cvcle electrolysis. 
Inversely, cement reduces the effect of frequencv, so that both 
frequencies give practically the same attack. 

It is worth noting the high values of electrolytic corrosion 
observed in soils containing fertilizer, especially when chalk 
and gypsum are added. These reach nearly 1€% of direct-cur- 
rent corrosion at 25 cycles, and exceed one-half per cent at 60 
cycles. 

G. CONCLUSIONS 

From the data recorded in Tables IX to XII, a number of 
comparisons on the effect of different constituents in the soil 
can be made. These are given in Tables XIV, XV, and XVI. 

In these tables, the relative values of chemical, total, and 
electrical corrosion are given. 


130 HAYDEN: ELECTROLYSIS {March 1 


Table XIV. Effect of nitrates, nitrites, and similar com- 
pounds, as fertilizer. The corrosion is considerably increased, 
the chemical corrosion in all cases, the electrical corrosion in 
most tests, by an average of about 60%, 


TABLE XIV. 
Effect of Nitrates, nitrates and fertilizer:| Table | Frequency Corrosion: relative 
No. cycles |[———— 

Mixed soil only.......... o ii ud 
Alkali nitrates and nitrites.............. X 25 1.56 0.84 0.74 
Alkali nitrates and nitrites.............. XI 25 1.19 1.65 1.69 
Alkali nitrates, nitrites and carbonate....| X 25 1.21 0.57 0.48 
Alkali nitrates, nitrites and sulphate.....| XI 25 1.27 1.77 1.81 
FertiliZét.c-.c hats ove Re ES XII 25 1.90 1.71 1.68 
Fertilizer: зунда Башына ны аказы XIII 60 1.90 1.48 1.40 
Fertilizer and chalk and gypsum........] XIII 25 1.91 2.50 2.57 

XIII 60 1.91 2.49 2.60 

Ауегане........................ тө: | 1.63 | L62 

TABLE XV. 
Table |Frequency Corrosion; relative 
Effect of carbonates, etc. i а chem. total elec. 

Mixed soil only.................... 1 1 1 
Alkali сагбопа{ез......................] X 25 0.98 0.36 0.27 
Chalk ss уке aee ы КЫЫЛ р Далым eL 25 0.97 0.75 0.72 
Chalk oso qp inch О AI 60 0.97 0.71 0.66 
Portland сетепё......................| XIII 25 1.56 0.33 0.19 
Portland cement......................] ХПІ 60 1.56 0.51 0.31 

Mixed soil containing gypsum....... 1 1 1 
СПА aoi dub н ERA or ae ees са МИИ 25 0.75 0.84 0.85 
Chalk err Pr i. dip 60 0.75 1.14* 1.14* 

Mixed soil containing nitrates or fer- 

LLHIZGD oo du iude einai аъ 1 1 1 
Alkali carbonates......................] X 25 0.77 0.67 0.64 
Chalk and gypsum.....................] XIII 25 1.01 1.46 1.53 
Chalk and gypsum.....................] XIII 60 1.01 1.68 1.85 


* Ratios of two small values, therefore less reliable. 


The presence of nitrates, fertilizers etc., in the soil is therefore 
objectionable. 

Table XV. Effect of carbonates, and, in general, alkaline 
compounds. 
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Carbonates and alkaline compounds, as far as observed, al- 
ways reduce the electrolytic corrosion of lead, and also the 
chemical corrosion; that is, they exert a protective action. This 
is most pronounced with alkali carbonates and cement, the lat- 
ter, however, greatly increasing the chemical corrosion. 

The protective action of carbonates seems to decrease in the 
presence of sulphates, nitrates, etc., and is in general not suf- 
ficiently large to give promise of a method of chemically pro- 
tecting lead plates against alternating-current electrolysis, by 
surrounding them with calcium carbonate or hydrate. 

Table XVI. Effect of sulphates. Sulphates sometime exert 
a protecting action, but sometime increase the corrosion. The 
latter seems to be the case in the presence of nitrates. 


LI 


TABLE XVI. 
Table [Frequency Corrosion; relative 

Effect of sulphates. etc. ài MEE ahem, | voa total | ees elec. 
Mixed soil опіу.................... 1 ! t | 1 
Alkali 5ш1рһа{ез—......................{ XI 25 0.56 , 0.44 | 0.40 
GYPSUM os dev Alo he ee UE ETERNA RA S XIII 25 1.13 | 1.27 1.29 
Сурзит..............................] XII 60 1.13 | 0.44 0.30 
Chalk and gypsum.....................) XII 25 0.68 0.20 0.15 
Chalk and gypsum................ s.s. | XIII 25 0.84 1.07 | 1.09 
Chalk and gypsum.....................| XIII 60 0.84 , 0.50 | 0.44 

Mixed soil ODIT nitrates or fer- | | 
tilizer.. vs Serre Te er ] 1 | 1 
Alkali sulphates.......................] XI 25 1.07 | 1.07 | 1.07 
Chalk and gypsum.....................-{ XIII 25 1.00 | 1.46 B .53 
буршт............. у... ees] XIII 60 1.01 | 1.68 85 

| 


In Table XVII are calculated the tests made with soil only, 
without additional protective or destructive compounds. These 
give an average spontaneous or chemical corrosion of 0.117 
milligrammes per hour, or 0.0188 milligrammes per hour and 
square inch plate surface, and an average total corrosion, at 
25 cycles, of 0.312%, or an electrical corrosion of 0.280% of 
direct-current electrolysis. 

Assuming the specific gravity of lead as 11.4, under these 
conditions, by chemical corrosion, in 10 years a layer of lead 
of 0.009 in. thick would be consumed. That is, under average 
conditions, chemical corrosion of lead cables could be neglected. 

Electrically, at a current-densitv of 1 ampere per square 
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foot, 25 cycles would, in 10 years, destroy an additional layer 
of lead 0.07 in. thick. In the worst case observed this would 
increase to 0.22 in. or nearly 0.25 in.; that is, would eat through 
the cable armor long before this time. 

With a current-density of 10 amperes per square foot, a cable 
armor ф in. thick would in average be eaten through іп 1.8 
years, but in the extremé case may be eaten through in 0.57 
years, or 7 months. 


Н. EFFECT OF TEMPERATURE 


Since in the preceding tests, especially in the first set of tests, 
before a water bath was used, it was noticed that the values 
of alternating-current electrolytic corrosion were high, when- 


TABLE XVII. 
Leap PrATES. МіХЕр Sort. 25 Cycves. 


Corrosion: 


chemical total al | electrical 


-— | ————M ——— 


Cc direct-current 


Milligrammes 


Table No. per hour electro!ysis 
Хы cox 0.121 | 0.317 0.285 
Хор олов | 0.221 ! 0.194 
ЕИ ТРИ 0.085 | 0.300 | 0.278 
o NIbD ses 0.116 | 0.326 0.296 
NIIS 0.159 0.376 0.335 
NIIZ ) size 0.334 0.292 
Average... 0.117 0.312 0.280 
Maximum. corrosion observed. . 0.303 0.940 0.864 


ever the temperature of the cell 1s increased by its /? А loss, some 
tests were made on the effect of temperature bv heating the 
water bath in which the cells were immersed. The temperature 
of the bath fluctuated between 36? and 42? cent. with an 
average of 39.5? cent. 

Tests were made with mixed soil, and with mixed soil and 
5€. fertilizer added, at 0.1 ampere, 25 cycles, and without 
current, and gave the results recorded in Table XVIII. 

As seen from Table XIX, and comparing these results with 
the average values of previous experiments, the chemical as 
well as the electrolytic corrosion 15 very greatly increased bv 
the increase of temperature. 
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I. CONCLUSIONS . i 


The following conclusions seem to be warranted from the 
preceding investigations. ] 
1. Alternating-current electrolysis is not a phenomenon like 
direct-current electrolysis, on which definite quantitative general 
laws can be formulated; but is of the character of a secondary 


TABLE XVIII. 
Ост. 20 To 29, 1906. Leap PLATES. 


25 cycles, 0.1 ampere. 6.25 sq. in. total plate surface. 
Duration of test, 208 hours. 
Water bath heated electrically, mean temperature 39.5° cent. 


Liquid. city water. А 


" Milligrammes dis- Cc. direct-current 
solved per hour electrolysis 
Electrolyte Chemicall Total: Electrical Total | Electrical 
a e f g -h 1 
Mixed зо............................] 0.296 | 4.11 3.81 1.065 0.987 
Mixed soil + 5*4 fertilizer. ............| 0.393 | 4.53 4.14 1.175; 1.075 


| 


effect; that is, the action of the positive half wave is not quite 
reversed by the action of the negative half wave, leaving a 
small difference, rarely exceeding one-half percent of the 
electrolytic action of an equal direct current. 

Under the conditions of the investigation, which were chosen 


TABLE XIX. 
Corrosion 
Temperature % direct-current Corrosion, ratio 
degrees electrolysis 
centigrade |—————— и = 
Electrolyte chemical | total (electrical |chemical | total ‘electrical 
; 
Mixed soil........... 22.39 0.117 oa 0.280 1 1 1 
39.50 0.296 | 1.065 0.987 | 2.53 |3.41| 3.52 
| 
Mixed soil + 19.5 0.301 | 0.642; 0.565 1 1 1 
| 
5% fertilizer....... 39.5 0.393 | 1.175! 1.075 1.30 | 1.83 ; 1.90 


to represent as nearly as possible actual service conditions of 
lead cables, alternating-current electrolvsis varies from prac- 
tically nothing to somewhat less than 16, of direct-current 
electrolysis. Since electrolvtic action of the alternating cur- 
rent appears as a small difference between two large and nearly 
equal quantities, the action of the positive and of the negative 


4 
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half wave, a very small variation in the action of either half 
wave makes a very large difference in the result, and this prob- 
ably accounts for the very large variation in the electrolytic 
action of alternating current compared with the constancy of 
the electrolytic action of direct current. 

2. Alternating-current electrolysis, when expressed quanti- 
tatively, or in per cent, of the action of an equal direct current. 
varies very greatly with the chemical character of the electrolyte. 
The nitrates and similar compounds, as fertilizers, tend to in- 
crease electrolytic corrosion; carbonates and, in general, alkaline 
reaction of the soil, decreases the corrosion; that is, exert a pro- 
tective action. 

This protective action against alternating-current electrolysis 
is decreased by the presence of nitrates, etc., and is hardly suf- 
ficient to be of practical use for protecting lead cables against 
attack by alternating current. 

3. In general, lead is more attacked than iron, and the latter 
shows still more erratic behavior than lead, probably due to the 
existence of a passive state. 

4. Alternating-current electrolysis under conditions repre- 
senting as nearly as seems feasible the conditions of lead cables 
in the soil, does not appreciably depend upon the current-density, 
but is practically independent thereof, except indirectly, in 
that very high current densities may by an increase of temper- 
ature give an increased corrosion. 

5. In general, electrolytic corrosion by alternating currents 
increases with decrease of frequency. This increase with de- 
creasing frequency does not follow a general law, but depends 
largely upon the chemical character of the electrolyte. It may 
be enormous; that is, 25-cycle current gives many times greater 
corrosion than the same current at 60 cycles. Or it may be 
very small and negligible. In some instances, 60-cycle current 
seems to give a somewhat greater attack than 25-cycle 
current. 

In general, ammonium salts and nitrates seem to give a very 
great increase of electrolytic corrosion with decreasing fre- 
quency, while carbonates and soils with alkaline reaction, as 
containing cement, may give little or no increase of corrosion 
with decreasing frequency. 

6. Chemical corrosion by the soil, and electrolytic corrosion 
by alternating current increases very greatly with increasing 
temperature of the soil. 
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J. ELECTRICAL PROTECTION 


Since the attempt to find a method of protecting lead 
chemically against alternating-current corrosion by mixing 
compounds as chalk, etc. with the soil surrounding the lead 
cable did not seem very hopeful, an investigation was made 
on the possibility of electrical protection against alter- 
nating-current electrolysis. With the tests recorded in Table 
XIV, a test was made on three tumblers, with ordinary mixed 
soil—one on 25 cycles, one on 60 cycles, and one without current, 
to check regarding spontaneous or chemical corrosion. In 
these tests a piece of sheet zinc, of about half the size of the 
lead plates was connected electrically with one of the lead 
plates. The idea was that a local action between lead and 
zinc would produce a direct current between lead and zinc, 
with the lead as negative, and thus exert a protective action. 

The results of this test were: 


TABLE ХХ,” 
Sept. 19 то Ост. 3, 1906. 


Tota] time of immersion of plates, 234 hours. 

Duration of test with 60 cycles, 234 hours, 0.1 ampere. 

Duration of test with 25 cycles, 217 hours. 0.1 ampere. 

Temperature of water bath, 19.59 centigrade average. 

Size of lead plates, 1} in. by 24 in., or 6.25 sq. in. total exposed surface. 
Size of zinc plates, about 4 in. by 3 in. 

Electrolyte, mixed soil, city water. 


n Weight of plate Dis- % 
No. Dura- Differ- | Elec- | solved | Direct- 


of No. Fre- [ісп ofj before | after ence | trical [per hour | current 
tum- of | Mate- |quency | test test test total cor. | elec. electro- 
bler | plate | rial | cycles | hours mg. mg. mg. lysis 


in grammes 


————— D— ÁÀ— l| —— 0 ——M Cea a | ——— a aa 


14 | lead 5.883 | 5.792 91 9 | 0.0415 | 0.0107 
14! | zinc 5.885 | 5.685 200 

8 | 15 lead 0 234 | 5.095 | 4.992 103 avg. 
16 | lead 5.892 | 5.831 61 82 (.351) 
16! | zinc › 5.734 | 5.667 67 

9 17 lead 60 234 | 5.046 | 4.709 | 337 255 1.09 0.282 
18 | lead 5.900 | 5.817 83 1 0.0043 | 0.0011 
18! | zinc 5.769 | 5.649 120 


While with a zinc plate connected to the lead plate a decrease 
of the attack should be expected—since the alternating current 
divides between the zinc plate and the lead plate, and the lead 
plate receives only a part of the total current—still the differ- 
ence between the electrical corrosion of the lead plate protected 


126 HAYDEN: ELECTROLYSIS [March 1 


by contact with the zinc plate, and the unprotected lead plate, 
is startling. 

At 25 cycles the unprotected lead plate gives 0.623%, at 60 
cycles 0.28%, of the electrolytic attack of a corresponding direct 
current, while the lead plate in contact with the zinc plate is 
practically completely protected; that is, is attacked practically 
no more than it would without any current, by the chemical 
action of the soil. 

To investigate this action still further, a series of tests was 
made in which a small direct current was superimposed upon 
the alternating current. A transformer was interposed between 
the inverted converter which gives the 25-cycle alternating 
current, and the electrolytic cells, to separate the alternating- 
current circuit electrically from the direct-current circuit, and 
a small direct current sent through the cells in a divided circuit. 

The 25-cycle alternating current consisted of 0.1 ampere; 
0.005 ampere direct current was used, divided so that some of 
the cells received 1.14 milliamperes, while the others received 
3.86 milliamperes, and the undivided direct current of 5 milli- 
amperes passed through some cells without alternating-current. 
Resistances were inserted in both the alternating-current and 
the direct-current circuit, and a very high reactance of about 
x = 50,000 ohms, in the direct-current circuit. 

The same kind of mixed soil as in the former tests was used 
as an electrolyte and also this soil mixed with 5% Portland 
cement, and this soil mixed with 5% fertilizer. City water 
was used as liquid. In some tests, half-size and quarter-size 
plates were used to get the effect of current-density. Results 
of the test are given in Table XXI. 

The results of tests in Table XXI are extremely interesting. 
As seen, in many of these tests the electrical corrosion is neg- 
ative: the total corrosion is less than the chemical corrosion; 
or in other words, if upon the alternating current a very small 
direct current is superimposed the total corrosion of the lead 
is reluced below the value which would exist with no current 
at all flowing. 

With a direct current equal to 3.86€. of the alternating cur- 
rent added thereto, the protection is complete; that is, in every 
case the lead 1s attacked less, sometimes less than half as much 
as it would be attacked spontaneouslv bv the chemical action 
of the soil. Even with a direct current of only 1.14%, or about 
1:90 of the value of the alternating current, the protection 1S 


ELECTROLYSIS 


HAYDEN: 


1907] 


! 
ERG’ O 861° 0— cor 0 26 ot | 
O Lt! O° Oc I 9' cc 6 tc '60S6 OREG сою 0 | `0 1 ` JIZ] рие [toS ul 
88/'0 їсс 0— CIS O с F6— £6 
Cc’ Pol ооп € OG e Са $' 8£66 9ctc $000 0 I | *73u2sure» рие пос Cl 
CEG I FRIO 2920 oT AN 
c` Zol с atl £06 £ lc 6666 out сою 0 | 0 I Be еру ол BOS FI 
tot 0 860° 0— r90'0 KLE 0— Cra 0 Gt— 6c. 
ок ӨР} 9°9T ali ‘OFRI 1161 окоо 0 | 10 i (7743711313J рие [tog EI 
ПРО SOLO UNO 809 '0—- ссъ 0 G'20— OC | 
ER E | Ol F N FI 8 GI СТРОГ 6521 98000 ' FO 1 `°стзцәшәэ рие [tos el 
cle 0 t10: 0— РТО reo. 0— 69с 0 o— сө 
CUP Of F 0 9l | 9 9l £421 PFRI 98t00 0 | го | reme ur m EST rr UNS 11 
| 12 | 
к&9`0 IZ `0 | 0 1 |^749741143J рае пос ol 
46 | 
ЕО 1 SET “0 | 0 1 °с°с3цәшәэ рие Пос 6 
12 
629 `0 12 Өө! “0 | ОАА ce к 
Of ! 
00f `0 If ' | 0 t 1104 2 
, It 
0кг. O tt '0 | `0 4 LOS жерик тео 9 
£260 4*00' 0— 461'0 810° 0— с09 `0 oo 69 
ЧАВ! WI 18 Ӯ ere FEY cog +1100 0 | 1'0 I |^ UM371U493j рив пос с 
09/`0 £$90'0— | #02 `0 #&`0— | S820 $ L7— 06 
$2171 СРР Т ys 2976 СОС 129 ITOO `0 го І `сссзлиәшәоә put [rog t 
Cre T 46€£0'0 "10270 СТО 92, `0 41 SS | 
СӨТ I cce [ 19 Р £6 6S [ДЕЧ ERG +1100 0 | T'O I [qs t 
CRP I #080 `0 FSI ГО rer `0 ғ6с `0 8' Ic 29 
SIG T c£ ' I SO'F 80' 6 $'61I6 COS FII00'0 | T'O $ “NOg © 
oec T £4£0'0 MTO FFI'O вск O0 9t Sy 
ceo 1 Itt 80°F Sco 4 144 18Р РЇТЇО00`0 | Uo t Ord ODE ПОБ T 
UOtSOJJ02 [BI "әәә 1810} '99[3 [23101 `эә]ә 18107 оха | OY vw aed 31Á[0u129|4[ J9|quin3 
-tuayd оў чо] ————— — - ——!--— uaua M | _ ——__'—__ —— ] jo әш jo 9N 
: 04402 [9103 sIsÁ[04329|9 1nou Jad poaosstp ‘BW рәл[оє51р peo ZW salad y 
jo oney зчәлпо-зәәлір 2 


'43U32 WZ RI 'u1€q 491€ jo aNyvsadiway UVI 'sinouq PIT 'uorsiaurui jo oun, 
'SINOY LT] 3593 jo vowing 'ualino PDIP PUB UANI Surjeujej[e 9|242-62 
salvid СУЯ” ‘QO6I ‘PI OL 6 LOO 
IXX H'IHVL 


128 HAYDEN: ELECTROLYSIS (March 1 


practically complete, and the additional corrosion due to 
the alternating current is small compared with the chemical 
attack, or even negative; that is, the total attack is decreased. 

This protection by a small direct current is especially effective 
under these conditions of the soil, where the electrolytic or 
chemical attack is especially great. With fertilizers, or with 
cement in the soil, a direct current of 1/90 the value of the 
alternating current reduces the corrosion below the value which 
it would have without any electrolytic action. 

Comparing the results of Table XVII with those of XXI, 
it follows for mixed soil and a 25-cycle alternating current of 
0.1 ampere: 

Electrolytic corrosion by 25-cycle alternating current Table 
XVII, 0.280% of direct-current electrolysis. 

Electrolytic corrosion by 25-cycle alternating current with 
the addition of 1.14% direct current reduced to - 0.0429, of 
direct-current electrolysis. 

Electrolytic corrosion by 25-cycle alternating current with 
the addition of 3.86 direct current reduced to 0.014% of 
direct-current electrolysis. 

It must be noted, however, that the spontaneous or chemical 
corrosion in the test Table X XI, was, with mixed soil, consider- 
 ably higher than the average of the previous tests. 

Regarding the effect of current-density, Table XXI again 
shows this to be absent. The electrolytic corrosion for current- 
densities varving from 1 to 4; that 15, with full, half- and quarter- 
size plates and the same current of 0.1 ampere, is of the same 
order. 

Quarter-size plates, with a current-density of 0.1 ampere 
per 1.6 sq. in. or 9 amperes рег sq. ft., give 0.03736% of direct- 
current electrolysis. 

Half-size plates, with a current density of 0.1 ampere per 3.2 
sq. in., or 4.5 amperes per sq. ft., give 0.0503 €, of direct-current 
electrolysis. | 

Full-size plates, with a current density ot 0.1 ampere per 
6.25 sq. in. or 2.3 amperes per sq. ft. give 0.0397°° of direct- 
current electrolysis. 

These values do not point to a definite variation of the attack 
with the current-densit y. . 

The last three tests, 14 to 16, were made with direct current 
only, and show an electrolytic attack which 15 greater than the 
theoretical calculated from  Faradav's law; that is, the cor- 
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rosion of lead bv direct current is greater than the theoretical 
value, and the direct current does not only dissolve the theoret- 
ical amount of lead, according to Faraday's law, but also in- 
creases the spontaneous corrosion due to the chemical action 
of the soil, especially in the presence of nitrates, etc. 

Regarding the protective action of a small direct current, 
against alternating-current electrolysis, it must be understood 
that this is not due to maintaining the lead negative against 
the ground. It is obvious that the lead would be protected 
against corrosion, if upon the alternating current a direct cur- 
rent were superimposed sufficiently large to maintain the lead 
always negative. This, however, would require a direct cur- 
rent more than 4/2 times the alternating current, whichis not 
practical. From the previous tests, it appears that a direct 
current of 1.56. of the alternating current gives practically 
complete protection against the electrolytic action of the alter- 
nating current. Such a small direct current would not appre- 
ciably change the duration of the successive half waves of alter- 
nating current, but the lead would still be positive for practically 
half the time; and with such a current graphically superimposed 
upon the alternating current, the eye would hardly see the dif- 
ference in size of the two half waves of the resultant current. 

It seems that a very small increase of the negative half wave 
over the positive half wave of the current is sufficient to make 
the negative half wave completely reverse and thus neutralize 
the action of the preceding positive half wave. 

To investigate this phenomenon further in an experiment 
of larger magnitude, the following test was made. А lead 
plate was used, of 10#-in. width, and 13 -1n. height, giving a 
total surface of about 2 sq. ft. It was immersed between two 
sheet-iron plates, as other terminal, of 5 in. by 14 in. each, 
in a large earthenware vessel. The. lead plate was cut in two 
vertically, and the two halves spread apart, and in the space 
three small lead plates, of about 6 sq. in. each, inserted in the 
soil without any electrical connection, to serve as check for the 
chemical corrosion, due to the soil. 

As an electrolyte, I used garden soil, a clav loam, with some 
sand, a considerable amount of street mud, and some fertilizer 
added. Four-ampere, 25-cycle alternating current was used 
and superimposed thereon, 0.06 ampere or 1.5", direct. current. 

The current was kept on the circuit for 20 days, from Oct. 
20th to Nov. 9th, 1906, during which time the alternating current 
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varied between 3.8 and 4.0 amperes, while the direct current 
remained constant at 0.06 ampere. L 

During the test the temperature of the soil was about 10° 
higher than that of the air and averaged 27.0? cent. Masses of 
marsh gas, with a considerable quantity of sulphuretted hydrogen, 
were evolved; that is, decay of organic matter took place in the 
sol. Evaporated water was replaced. 

After the test, the lead plates were found covered with a 
black deposit, to which the sand stuck so that it could not be 
washed off, even with boiling water. With very diluted HCI, 
this black deposit was dissolved with the evaporation of large 
quantities of H,S, and the acid was colored greenish black, as 
if iron had been carried across by the current and deposited as 
sulphide. 

The test gave the following results: 


Size of lead plates, both sides:............... 204 sq. in. 
Total weight, beforetest.....................208.756 grammes 
2 САПЕ воно нен 206 975 P 
Weight Чїзо]уей........................... 1.781 E 
Duration of 1евї.................... M m 470 hours 
Average 25 cvcles сигтепі...................8.9 amperes 
А. Ampere-hours, alternating current .............. 1833 
direct сиггеп1ї.................... 28.2 
Dissolved per ampere-hour alternating current ...... .972 my. 
Theoretical attack per ampere-hour direct current... 3860 mg. 
Total corrosion, per cent. of direct-current electrolysis. . 0.0252 
B. Weight dissolved per hour and sq. іп............ 0.0129 mg. 
Check plates, пит етг...................... 1 2 3 
КАЗБА ОН deua eder iod t uis eds ae Mx top middle bottom 
Surface, sq. in. both &1Че$................. 6.24 6.72 6.72 
Weight Б еогеїте5{....................... 4.575 4.797 4.763 
alter A porer ate ТУ Т Т Т ios 4.527 4.759 4.722 
СПБО еШ a ae etw E menie 18 ЗХ 41 
E per sq. in. and hour....... 0.0160 0.0118 .0127 
PUNO AGO: е кенв te Bcc c р abr ae ee -- 0.0134 mg. 
Leaves as electrical corrosion, per sq. in. and hour.. – 0.0005 mg. 
Amperes per sq. in., 25 сусЇеѕ..................... 0.0132 


Electrical corrosion, per cent. direct current electrolysis. – 0.001€, 


It seems to follow herefrom that a direct current superim- 
posed on the alternating current and equal to 1.5% of the 
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alternating current, perfectly protects the lead plates against 
electrolytic attack by 25-cvcle current; so that the corrosion 
of the lead plates in the soil is reduced to the value of corrosion 
which would take place spontaneously by the chemical action 
of the soil, or even less. | 

From Table XIX it follows that the average electrolytic cor- 
rosion in ordinary soil, by 25-cycle alternating current, is 0.280%, 
(in soil containing fertilizer, as in the last test, it 15 greater). 
1833 ampere-hours would therefore dissolve electrically 


1833 x 0.0028 x 3.86 = 19.85 grammes of lead. 


With a chemical corrosion of 0.0134 mg. per square inch an 
hour, observed, 294 sq. in. would lose in 478 hours, 


0.0134 x 294 x 470 = 1850 mg = 1.85 grammes. 


Without protective action by superimposed direct current, 
the total corrosion of the lead plates during the 20 davs' test 
therefore should be 21.70 grammes. 

By the superposition of 28.2 ampere- hours direct current, or 
1.5% of the alternating current, this was reduced to 1.78 grammes. 

Or to 8.2% of its former value, showing strong protective 
action of the superimposed direct current. 


Digitized by Google 


A paper presented at the 214th Mecting of the 
American Institute of Electrical Engineers, 
New York, March 1, 197. 


Copyright 1907. By A. I. E. E. 


(Subject fo final revision for the Transactions.) 


ELECTROLYTIC CORROSION OF IRON AND STEEL IN 
CONCRETE 


BY A. A. KNUDSON 


In these days of wide and rapidly growing use of reinforced 
concrete and hydraulic cements in all kinds of structures, the 
question often comes up as to whether concrete will afford to 
iron and steel the same protection from stray currents of elec- 
tricity that it does ordinary corrosion or rust. In the practice 
of investigating movements and results of currents upon under 
ground pipes and other structures, several instances have come 
to our notice where damage has been caused by electrolytic - 
action upon metals covered or incased in concrete or Portland 
cement. 

During the last year we have frequently been asked about 
the probabilities of electrolysis upon various underground 
structures where the use of cement or concrete was being con- 
sidered or had been used. In view of the importance of this 
question, therefore, we have thought it would be of service to 
those who are interested in the subject if more light were thrown 
on the true value of concrete as a supposed insulator. Witha 
desire to obtain some definite data as to the amount of current 
and time necessary to cause corrosion upon metals encased in 
concrete or hydraulic cements, and also to test their value as 
electrolytes, we have made some laboratory experiments, and 
herewith give the results, trusting they may be of some value. 
_In March, 1903, blocks of concrete containing iron tubes 
` were prepared by the writer for this purpose. These blocks or 
samples were made of equal parts of portland cement and sand. 
They were made in ordinary metal pails shghtly larger at the 
top than at the bottom. Іп the center of each block was placed 
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a 2-in. wrought-iron pipe. The dimensions of each block 
and the surface of iron buried are given in plan and sectiona] 
drawing, Fig. 1, and will not require further explanation; the 
cuts show blocks and pipes after the tests. A few preliminary 
tests at this time indicated that a series of tests might bear 
important results, and as we lacked opportunitv for making 
daily tests and observations, thev were sent to the Electrical 
Testing Laboratories of this city where excellent facilities were 
had for making the required measurements. Preliminary tests 
were made with the object of “ feeling our жау” and of 
selecting such amount of current for the series as seemed ad- 
visable. These preliminary tests not being especially important, 
the details are not given, but from the information obtained it 
was decided to commence a series of tests extending over a 
time of 30 davs with the three blocks immersed, and under 
the following conditions: 

Block 2, Fig. 2, was immersed in fresh water and Block 4 
in sea water. These were connected in series, with 0.1 ampere 
continuously flowing through them. Block 3, Fig. 3, was also 
immersed in sea water, but no current was sent through it. 
This was for the purpose of comparison after the blocks were 
broken open. The arrangement of the circuit is shown in Fig. 4. 

These tests were commenced on Febiuary 1, 1906, and 
ended March 2, 1906. The results of importance upon this 
first group of blocks were found in the gradual disruption of 
the concrete, as shown by the cracks as time went on, and the 
appearance of electrolvsis and loss in weight of the iron tubes 
of both No. 2 and No. 4 when the tests were concluded. Block 
415 not shown, it being quite similar to the others. During 
the test these cracks were noted as follows: on the 17th day a 
small crack down one side of Block 2 was observed. On 
the 27th day this crack in No. 2 had a maximum width of { in. 
and extended clear down one side, across the bottom, and 
nearly to the top of the other side. Two cracks also ap- 
peared in No. 4. This disintegration of the concrete was a 
genuine surprise. The report furnished by the laboratory on 
this first set of experiments concludes as follows: 

After the conclusion of this test which extended over thirty days time, 
the blocks were removed, and after allowing them to dry they were broken 
open. It was found to be quite easy to break open blocks Nos. 2 and 4 
which had already become cracked. Block No. 3 which had not been 
subjected to electrolysis was broken with the greatest difficulty. Blocks 
Nos. 2 and 4 showed on their interior strong evidences of electrolytic 
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action in the form of what was apparently a deposit of iron rust extending 
from the pipe toward the outside of the block. Along certain lines 
which acted like lines of cleavage, the cement was found to be softened 
so that it could readily be cut or scraped with a knife. This softening 
was such that the point of a blade of a pocket knife could be inserted 
into it far enough so that the knife was supported in an upright position. 
The pipes enclosed in Nos. 2 and 4 were found to be considerably corroded. 
A portion of the scale on the corroded parts of these pipes was removed 
and the pipes were weighed. The. pipe in Block No. 3 was as bright 
as а new pipe. The concrete showed no evidences of a deposit of iron 
rust. An idea may be formed of the condition of the concrete blocks 
from the photographs given herewith. 


е Ф 


(Block 2) К Fic. $ 


Weighing of the pipes had been made by Mr. Knudson before casting 
them in the blocks. Weighings made at the conclusion of the experi- 
ment, together with these initial weighings, are given in the following 
table: | 


No. 2 fresh water. —. No. 4.salt water. 
Initial.............3 th. 12.50 oz. 3 1b. 7.5 oz. 
Final..............3 " 10.95 " 376.4" 
IjOSS eis odor e s 1.55 " 1.1 “ 


As has been said above, the scale was not entirely cleaned off from 
pipes Nos. 2 and 4 before the final weighing was made, so that the loss 
in weight does not represent the entire amount of the electrolysis which 
had occured. 
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The results of these experiments seemed so important that 
it was thought best before. drawing conclusions to have the 
tests repeated, and therefore another set of experiments similar 
to the first, was made to see how the data would compare. 


SECOND SET OF EXPERIMENTS 


In this case two blocks of concrete were prepared, numbered 
5 and 6 (Block 6 not shown). These were made the same as 
the others except that Rosendale cement was used, called in 
the trade ' Brooklyn Bridge Brand." The object of using a 
different cement was to see if there was any change in the results 


(Block 3) 
(no current) Fic. 3. 


that could be attributed to the use of a different brand of cement. 
In these tests more careful and more frequent measurements 
were employed than in the first set of experiments. They were 
commenced on April 12th, 1906. Two readings every 24 hours 
were made through the entire 30 days, and the appearance of 
the blocks was closely watched. The source of current, as 
in the first test, was from a storage-battery, and the pressure 
was increased or decreased according to the resistance, in order 
to maintain a constant current of 0.1 amperc. 

_ The variation of resistance in both blocks during the t»st of 30 
days is important. Such changes are graphically represented in 
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curve sheet Fig. 6, the figures showing ohms are given as relative, 
as thev may not quite accurately represent the true values. They 
were obtained by simply dividing the volts by the 0.1 ampere. It 
was found in the preliminary trials that resistance measuremenls 
by the usual methods, such as the Wheatstone Bridge, were not 
accurate, owing to strong polarizing effects. For this reason the 
resistances as shown by these curves while not considered abso- 
lutely accurate in every case, are sufficiently so for our purpose of 
examination and study. 

The curve in Fig. 7 represents the sudden fall or practical 
breakdown of concrete as insulation in 48 hours. The meas- 
urements in this test were made by the Wheatstore Bridge. using 


———— 3h + 


Fic. 4. 


alterr ating current and a telephone receiver. Thev are considered 
fairly accurate. | | 

Quoting from the report on this second senes of tests, the 
following notes are of interest: 


Second day of test. Water appeared around the pipe of No. 5, having 
soaked through the concrete. 

Sixth day of test. Cracks were observed in both samples of concrete, 
those in No. 5 being the most prominent. A small amount of water 
was found standing in the bottom of pipe No. 5. None in pipe No. 6. 

Seventh day oj test. The cracks in the concrete are increasing in the 
case of both samples. | 

Ninth day of test. A yellow frothy substance appeared at several 
points at the top of the concrete, close to the iron pipe of sample No. 6. 
Later this turned rust color. | 
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Eleventh day of test. Same rust colored deposit observed around pipe of 
sample No. 5. The cracks of both samples have increased in prominence. 
Eighteenth day oj test. The cracks have assumed such proportions 
that it appears as though the concrete might easily fall apart, being { to 


— 
r еб; 


2 


(GROUP 1) 24 s 
(ist series) Fic. Э; 


{Ж of an inch іп many places. There is considerable rust colored, frothy 
deposit on top of sample No. 5, especially near the pipe. 

| It appears from these observations that before the ninth day, the 
process of electrolysis had arrived at quite an advanced stage on 
both blocks and before the rise in resistance took place, which after- 
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wards in fresh water reached 300 to 400 ohms, 


requiring some 30 to 


We should not, therefore, conclude 


that because such high readings are not found in practice, it is a sign 


10 volts to maintain the 0.1 ampere. 
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In the salt water block it is observed 


that there can be no electrolysis. 


that even to the eleventh day of the test 5.5 volts only was required to 
pass the 0.1 ampere, and at-that time the record states the cracks in 


both samples have increased in prominence. 
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This report concludes as tollows: 


After the conclusion of the test which continued over thirty days, 
time, the concrete blocks were removed from the water and allowed 
to drv. They were then broken open. Block No. 5 which had been 
under test in the salt water was found to have a rust colored deposit 
extending along the sides of a crack from the external surface to the 
pipe, as shown by the accompanying photograph. The rust colored 
deposit in sample No. 6 was only about the pipe. 

There were spots especially in the fresh water block No. 6 where the 
concrete had softened to such an extent as to be readily dug out with a 
knife. 
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The weights of the pipe before and after the tests are given in the 
following table: 


No. 5 salt water. No. 6 fresh icater. 
Initial.............31b 7.1 Өй. |. 831b. 6.6 oz. 
Pinal.iscumenxweido 2» ^ 5 з 55" 
1,0558............... 1.6 oz. 1.1 oz. 


Since the scale was not entirely removed for the final weighing, the 
loss in weight indicated does not represent the actual total amount of 
electrolysis which had occurred. However, all scale that could be 
readily removed was removed by Mr. Knudson before the final weights 
were taken. 
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This second series of tests show results verv similar to the 
first, only more pronounced; and we believe they also show 
that the results would be practically the same with concrete 


(GROUP 2) Di. №. 
(2d scries: 


made up with any of the different brands of cement found 

in the market, or made with different proportions of sand, or 

made of brick, or stone masonry. | | | 
The photographs of the different pipes show to some ех.епї 
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the effects of electrolytic action upon their surface which was 
in the concrete, except No. 3, Fig. 5, which had no current. 
No. 5, Fig. 8, which was in the salt water block, shows the 
most severe case, having a hole through the iron. This hole 
is one inch long and three eighths of an inch wide at its widest 
part, as genuine a case of electrolvsis as anv we have seen in 
larger pipes removed from a street. 

Refeiring to the photographs of the blocks. all but No. 3 
(which had no current) show the discoloration made by the 
iron rust extending in most cases through what were cracks 
to the outside surface. No. 3 shows a perfectly clean and 
hard interior surface. As the report states, there was no evi- 


i Block 5) Fic. 0. 


dence of corrosion. It was like breaking open а piece ot 
granite, and required the services of a ‘* hard handed son of 
toil" with a sledge-hammer and chisel. The other blocks 
which were under test could be pried apart with an ordinary 
screw-driver inserted in the cracks. 

Attention is called to block 5, Fig. 9 (sea water) where 
one of the cracks is shown at the back and about the 
center of the curve from which the iron tube was removed. The 
object of using sea water in our tests, as well as fresh water, 
was to ascertain and compare the resistances shown in the 
curve sheet, and also to conform as nearly as possible to condi- 
tions found in practice, such as bridge-piers and othei structures 
that are located on water-fronts. 
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These tests and experiments go to show that only a small 
fraction of an ampere is necessary to cause electrolytic action. 
The element of time being always with us, it is only necessarv 
where electric currents are present of sufficient voltage in the 
proper direction to cause even a very small amount of cur- 
rent to pass that will in time cause corrosion upon interior steel 
structures, whether placed in concrete, brick, or in granite 
masonry. It is not expected, however, that large granite 
piers would develop cracks, but electrolysis to interior steel 
work and to bridge anchorages may go on just the same. 
Cracks may develop, however, in concrete piers of small bridges, 
such as those which cross creeks or canals. 

By way of a practical illustration, there 1s a bridge in this 
city of this description over the Gowanus Canal, South Brooklyn, 
at Hamilton Avenue. A portion of the Bridge Commissioner's 
report ending June 30, 1906, referring to this bridge, 1s as follows: 


HaMILTON AVENUE BRIDGE. 

Since construction, the foundation walls of this bridge have developed 
some rather serious cracks, occurring on both sides of the canal, and 
there has been a movement of the walls towards the centre of the canal. 
During the last three months this movement has amounted to half an 
inch. Previously the movement totaled about three and one-half 
inches. From October to March there was practically no movement. 
A continuation of this movement for several inches more will result in 
the necessity of alterations in the centre of the leaves, as they will inter- 
fere before the bridge can be fully closed. 

With a view of ascertaining the electrical conditions. we 
have made a few tests at this bridge. The voltmeter readings 
show the steel structure to be positive to the canal. positive 
to water-mains in the street, and positive to the trolley-rails 
on the bridge, ranging from 0.5 to 1.5 volts. These readings 
were taken when the car-traffic was light. Some of the cracks 
on the concrete had been plastered over, but others were quite 
visible. The tests indicate that the trolley tracks on the bridge 
are in connection with the steel structure. Tests were also 
made on another bridge of the same construction a little further 
north over the same canal, at Ninth Street. The readings 
here were exactlv the reverse to those found at the Hamilton 
Avenue Bridge, the structure being negative to canal, to water- 
mains and tracks. There were no visible cracks in the concrete 
of either foundation, Although the cracks in the concrete 
of the Hamilton Avenue Bridge are attributed to other causes 
in the Commissioner's report, we believe these tests and ob- 
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servations point stronglv to electrolytic action from trolley 
currents as being the true cause. This seems to us the more 
reasonable cause for these cracks, in view of the results of 
our laboratory experiments just described. Ordinary care 
would suggest that costlv structures of this kind in this or 
other cities should be periodically inspected for evidence of 
electrolvtic action upon the interior steel work, especially if 
located contiguous to water, or in the vicinity of electric railways 
or railway power stations as in the case just cited. Further- 
more, this question should be carefully considered when such 
structures are planned, tests made at locations of proposed 
bridges or other structures. to ascertain the electrical conditions 
and the possibilities of injurv due, to electrolysis from stray 
currents. | 

This question of electrolvtic corrosion of interior steel in the 
construction of high buildings, however, has not been entirely 
neglected. There is at least one case, that of the New York 
Times Building, where provision has been made in advance as 
a protection. In the Building Supplement, issued by that 
paper, dated January Ist, 1905, an interesting description is 
given in detail of the entire construction of that building. 
The following extract, referring to electrolysis, will be of interest: 

The danger that in the case of the steel frame, rust and the disintegra- 
tion of electrolysis would hasten the process of dissolution so much as 
to make structures of this kind prematurely unsafe through the de- 
struction of their supports, was recognized in time to permit of ample 
safeguarding in the case of the steel frame of the Times Building. It 
is axiomatic that columns to which moisture has no access will not be 
impaired by rusting. and that those effectually insulated from vagrant 
electrical currents will not be affected by electrolysis. The first con- 
sideration was to keep the basements dry. Hence the thorough water- 
proofing and draining of the retaining walls already described, which 
was carried under the floor of the press room, occupying the great area 
of the sub-basement. As a further safeguard, all the steel members 
up to the street level are incased іп Portland cement mortar, to the 
minimum thickness of three-fourths of an inch. This is effectual protec- 
tion against rust deterioration. Under thesc conditions electrolytic 
disintegration is deemed impossible, but the probability of its оссигтепс‹ 
in even mocroscopic degree is rendered still further remote by as perfect 
insulation as can be provided. There is sufficient grounding to relieve 
any electrical tension which may exist in any part of the steel frame 
by drawing off the current at points where electrolytic action cannot 
be set up. 

This is the first instance we have noticed where a 
large corporation has recognized this danger and has. taken 
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steps beforehand to avoid it. The protection ot steel structures 
already constructed, however, is a different matter. While 
plans may be made to provide insulating methods and water- 
proofings, before construction, it is not easy to prevent corrosive 
action, when the conditions are favorable, after construction. 

Another point which may have an important bearing on 
this subject, is the great pressure upon pillow-blocks, and upon 
piers supporting as they do enormous weights. which serve to 
make excellent electrical contact with concrete or masonry on 
which they stand, and. therefore, offer further opportunity 
for inviting stray currents. 

Figs. 10 and 11 are photographs of the underside of two water 
meters which were practically destroved bv electrolysis while in 


Fic. 10. —300 ft. from nearest track. Fic. 11.--675 ft. from nearest track. 


service in the cellars of dwellings in a distan. city. They were dis- 
covered during a survey by the writer in October last. Thev are 
shown as an illustration of how railway currents will follow a serv- 
iceSpipe for a considerable distance from the tracks, enter a build- 
ing. and find an outlei to ground оп the damp soil of a cellar 
This furnishes an opportunitv for current to pass into the iron 
foundations of large buildings where such service pipes. either 
water Or gas are connected, as they usuallv are. to tle framework 
of such structures. These illustrations are by по means isolated 
cases. We have discovered many similar cases of current stray- 
ing into buildings in different cities in this country. There were 
three meters fourd destroved in this wav in different sections of 
the city from which they were taken. Tt.ey were from one to 
two miles apart. The distance from the tracks of Fig. 10 was 
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300 ft., and of Fig. 11, 675 ft. All of these meters were on side 
streets, at right angles to the car tracks. 


IN REGARD TO REMEDIES 


Coatings of various kinds of paints or varnishes will be ot 
little use as an insulation, for it must be borne in mind that 
not only a moisture resistant is required, but an insulation 
that will resist continual moisture, and also that will stand the 
pressure of great weights. 

From these laboratory experiments, as well as observations 
in practice, we draw the following conclusions. 

1. Steel structures are well preserved from ordinary corrosion 
by concrete if placed either in salt orfresh water. This, however, 
has long been known. 

2. If but a small fraction of an ampere of electricity passes 
from an interior metallic column or structure into concrete or 
masonry as usually made, there will be corrosion of the metal 
and disintegration of the concrete or masonry. 

3. Structures of steel in concrete that are subject to sea 
water are in more danger from electrolytic action than those 
in fresh water, by reason of the lower resistance of concrete in 
sea water as shown by the laboratory experiments. 

4. In no sense can concrete be considered an insulator, and 
as shown it is from all appearances, just as good an electrolyte 
as any of the soils found in the earth. 

Other investigators in this field have given valuable informa- 
tion on this subject. Mr. Maximilian Toch, in a paper before 
the American Electrochemical Scciety in June last, gives an 
interesting account of some experiments conducted by himself 
with steel in concrete, and although on somewhat different 
lines to our own, arrives at practically the same results. 

Mr. M. P. Wood, in his excellent work entitled '' Rustless 
Coatings, Corrosion, and Electrolysis of Iron and Steel," refers 
to this subject as follows: 


It is a false reliance that masonry, mortar, concrete, or cement are 
impervious to moisture and incapable of acting as an electrolyte such 
as would induce electrolysis. They are not insulating substances, or 
at the best only in the smallest degree under the most favorable circum- 
stances. They are positively porous and in nearly every case, whether 
tested іп lasge or small mass, are permeable to all waters or moisture 
and gases, and in but a few exceptional cases ever become thoroughly 
dry. 
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It is therefore to be expected that so long as the single trolley 
with its grounded return is in general use, just so long may we 
look for electrolytic action in some form upon various under- 
ground structures; and reinforced concrete is no exception to 
the rule. E D | 

It is not at all surprising that such currents are busy at 
steel work of bridge-anchorages. Whether enclcsed in concrete 
or masonry, these materials, as we have endeavored to show, 
are no protection from the straying railway current when the 
conditions are favorable for electrolvtic action. In view, 
therefore, of these items presented, and the enormcus use to 
which concrete and hvdraulic cements are now put, it wculd 
seem that this question should receive due consideration by 
those who have to do with planning and constructing important 
public works and buildings, as well as those who are entrusted 
with the care and safetv of such structures. 
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SOME THEORETICAL NOTES ON THE REDUCTION OF 
EARTH CURRENTS FROM ELECTRIC RAILWAY | 
SYSTEMS BY MEANS OF NEGATIVE FEEDERS 


BY GEORGE I. RHODES 


The subject of earth currents caused by electric railway 
svstems is of such importance that it is believed a few theoretical 
notes on the relative efficiencies of different. return feeder sys- 
tems in reducing stray currents will not be without interest. 

Consider any system, the potential of whose running rails 
may be represented by the Curve Z, Fig. 2, which is plotted with 
distances from the power house or sub-station as abscissas, and 
potentials of the rails referred to the negative bus-bar as or- 
dinates. Assume for the time being that all resistance offered 
to current flowing from the tracks to earth is in the contact 
between rails and earth. n 

Let a = contact resistance per foot between rails and earth. 

l = distance from power station. 
v = potential of rails referred to negative bus-bar. 
I, = total leakage current. 

Now if the negative bus-bar is completely grounded, and the 
earth of uniform potential, as would be the case if it had zero 
resistance, | 


vál 
v4l 
Lg 2 d 


If a is uniform over the entire line, it is evident that the 
leakage current will be measured by the area enclosed bétweén 
149 


150 RHODES: EARTH CURRENTS [March 1 


the potential curve of the track and the line of zero potential. 
If a is not uniform, the area will not be a true measure, but it 
will still be indicative of the amount of current flowing from 
the rails. 

If now the negative bus-bar 1s insulated, the earth will have 
a potential with reference to the bus-bar such that the current 
flowing out of the rails shall be equal to that flowing into them. 
Under the assumption of uniform contact resistance between 
track and ground, this potential will be such that the areas 
enclosed bv the potential curve, above and below the line of 
earth potential, are equal. 

The assumption that the earth is of uniform potential is ob- 
viously far from correct, for since its resistance is not zero it 
is raised to a certain extent by the presence of a grounded con- 
ductor of higher potential. If the curve is plotted with refer- 


> 
— 
' 
. 


«-0-»----9-- 


Fic. 1.— Distribution of copper for uniform drop. 


ence to the ground in the vicinity of the rails as zero, the area 
enclosed by the curve will then measure the true leakage current 
with the above limitations; but if the curve is plotted with 
reference to the earth at that point where the rails and ground 
are at the same potential, the area enclosed will not measure 
the actual leakage, but rather the maximum current that would 
flow if the earth offered no resistance except at the surface of 
contact with the rails. 

On this latter assumption, then, the following cases will be 
considered, both with the negative bus-bar thoroughly grounded 
and insulated. The load is considered to be uniformly distrib- 
uted over the whole line, which extends in one direction onlv 
from the power station. 

I. No copper in return circuit. 
II. Copper of uniform section bonded to the rails at short 
intervals. 
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111. Copper distributed to give uniform drop, bonded to the 
rails at short intervals. 
IV. A single insulated negative feeder connected to rails at 
middle of the line, and at the power station. 
V. A single insulated feeder connecting the. rails to the 
negative bus-bar only at the middle of the line. 
VI. Several insulated feeders. 
VH. Several insulated feeders with equal potentials at all 
feed points. 


100 


t 
{ 


| 


Fic. 2. 


The following notation will be used: 

current at any point on line. 

total current. | 
potential at any point ныд to bus-bar as zero. 
distance from power station. 

total length of line. 

resistance-per foot of ..'urn. 

10.30* = resistance per сіг. mil-foot of copper. 


ъч е н. 
І 


152 RHODES: EARTH CURRENTS (March 1 


о = 0.00,000,302 lb. = weight per cir. mil-foot of copper. 
5; = equivalent conductivity of track rails in cir. mils of copper 


5с = cir. mils of return copper at power station. 

W = weight of return copper. 

A = area representing leakage current with negative bus-bar 
grounded. 

а = area representing leakage current with negative bus-bar 
insulated. | 


I. No return copper. 


l= i = pl Nd 
= firdi= 5; ( zr) 
The curve represented by this equation and shown as / in 


Fig. 2, is a parabola whose axis is parallel to the axis of v and 
whose apex is at the point 


pIL 


l=L = уу 


With the bus-bar grounded, the area beneath the curve 
measures the leakage current, and is, 


pI L? 


A= 35; 


as obtained by means of the usual formula giving the area en- 
closed by a parabola. 

With,the bus-bar insulated, it can be shown by equating the 
areas enclosed by the curve above and below the neutral line 
that the earth and rail are at the same potential at the point 


1 
pd. (1 : ) 
ү V3 
and the area representing leakage current 1s 


plL 


1 
HC SUM e 
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II. Return copper of uniform section. 


1 = [ (1-7) as before 


153 


The curve representing this equation when s, — 5; is shown 
as Curve D, Fig. 2. It is a parabola as in Case I, but its ordi- 


| S; 
nates bear the ratio к 


1 Se 


to those of the first curve. 


The area representing leakage current with grounded bus-bar 


can be shown to be 


making 
те 5; ol L? 
З X3 (sits З 5, 
The weight of copper is 
We=05,L 


III. Copper distributed for uniform drop. 


t = I(t — г) as before 


r= ae ee 


р cas (1- 3 


That is, the conductivity is proportional to the current. 
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pll 
Sit 5, 


£É— 


a straight line. 


It is;evident that this equation can hold only when / is such 
that 


(s, +5.) (1- г) S; 
ther. l= L =L m 
Sit Se 


For values of l >L, the conductivity is uniform and equal to 
that of the rail return (see Fig. 1). 


From ] = L, tol = L 


juu. d 
i L 
l 
r= эзе 
5; 


ЕЕ = e» | pus 
L 2L 5, + 5, 

This curve is that portion of the parabola /, Fig. 2, beyond 

| — L, dropped until it is tangent to the straight line. 


ell 


Sit Se 


= See III, Fig. 2. 
The area representing leakage current with the bus-bar 
grounded can be shown to be 


alee OSDO а qus 
ў 2 (5, + s? ` 35, 


and with the bus-bar insulated the neutral point is at 


$c | 
1% E^ yp o | 
2 |! З (s,+s,) Í 
for values of s, > 0.815 s, 
This makes 
Si (3 SË +6 Si 5+2 s?) p1 L? 


y 24 (Si+ Se)? a 


Mar m jm 
- "o: ammo "ETE SE 
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The weight of copper used is 


А 12 ш 52 L 
а 

In order to compare properly this case with Case We equal 
amounts of copper must be used making 


sc di ЕЕ ee 
= эе 
2 (Sit 5,2 


gt Seu 2425; Se Si Seia 


Sarar 
€ 614 


IV. Single insulated return feeder from middle of line. Con- 


nection to rails at power house. 
By the use of Kirchoff's laws it can be shown that 


From /- o to 1 © 


| 3 5, i 
i= I(1- жер) -IT 


e d 
5; 
ol 3 5, F 
dm 5, | (- £e sr 
Prom / = L tol = L 
im 5-1 (c- L) 


ol (= z) (= 5) si Зз, | 


“Sal 3 7 3E T 3M(G,s) 
Both curves are portions of the parabola of Case I (sce IV, 
Fig. 2). 
The area representing leakage curent can be shown to be 


dw dus 275s, 1 pI 
: l 32 (s;+s.) ' 3 5; 
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and with the bus-bar insul ted 


1 | 95 | 
Йыл oan e a _ 9s |! 
| E V3 ү! 16 (5;+5‹) | 


1 


О 9 s, 5 pIL? 
= | = 2 
making a 3/3 (1 16 (5;-- 5.) ) 


3 S; 


The weight of copper used is 


E 7 Sc L 
M РЕКЕ саш 


A 


Making for proper comparison with Cases II and III 
= Э 
B T tg 


V. A single insulated return feeder from middle of line. No 


other connection to rail. 
It can be shown that fron l = о to l= а 
_ _11 
т 
1 1 olť 
A E EE 2 5; 
and from | = E {о {= L 
I L 
I L * 
v= (»- 5) (»- 3) Lsj; У 
"| 2 7 an *3x| 


These are two symmetrical portions of the parabola of Case I 


intersecting at the point / = E v T (see V, Fig. 2). 
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With the bus-bar grounded the area representing leakage 
current is 
65,5, p I L 

4s. ° 35; 


A= 


and with the bus-bar insulated there are two neutral points at 


L 
1 ol L? 
таш а = [оза ds 


The weight of copper is the same as in Case IV. 

VI. With several insulated feeders the potential curve will 
take a form similar to that of Case V in which the curve between 
any two feeders is a portion of the parabola of Case I. If the 
feeders are of uniform size, the general form of the potential 
curve will approach the straight line of Case III as numbers of 
feeders is increased indefinitely. With a single feeder the area 
measuring leakage current is larger than for the case with the 
copper distributed for uniform drop, and with increasing num- 
ber of feeders this area will approach it as a limit, being always 
larger. 

With feeders graded in size to give uniform potential at the 
feed points the curves will be of the forms in Case VII. 

VII. Several insulated feeders with equal potentials at feed 
points. 

In this case the uniformly equal potentials at the ends of 
feeders may be secured by properly adjusting the sizes or by 
means of negative boosters. By adjustment of sizes, the po- 
tential of the track must necessarily be greater than that of 
the bus-bar, and if there is a solid ground at the power station 
there will be a leakage current due to this difference; but with 
the use of boosters the potentials at the ends of the feeders 
can be maintained at uniform with the negative bus-bar, and fur- 
thermore, this, with a widely fluctuating load such as is the 
case on an electric railway. z 

For the best results with a given number of feeders it is ev ident 
that they must be connected to the rails at such points as will 
give equal maxima on the е curves. This may be ас- 
complished in two ways, viz. : 
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1. No connection to rails at power station, and distance be- 
tween feed points twice the distance from the power house to 
the first point, and from the last point to the end of the line. 
(See Fig. 3.) | 

2. Connection to rails at power house with the distance 
between feed points, and from the power station to the first 
feed point equal to twice the distance from the last point to 
the end of the line. (See Fig. 4.) 


Fic. 3.— Potential of negative referred to bus-bar.—Case VII. 


1. With a single feeder and no connection at power house, 
the,feed point for equal maxima will be at the centre of the line. 
(See Fig. 3.) the potential curve being made up of the upper 
portions of the parabola of Case I, also shown in Fig. 3. 

With the -bus-bar grounded. the area beneath this curve is 


Е. ов 
ЕИ у 
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_ With two feeders the feed points will be 1 and 3 of the dis- 
tance from the power house and the area will be 


а L ell — plL’ 
А = 4x4X7X eX 2 s, = k 3 s, 


With yp feeders the feed points will be at 


\ 


Fic. 4.— Potential of negative referred te bus-bar.—Case VII. 


] 3 Ун 1 
2u 2н 77 Qu 


of the distance from the power house to the end of the line, 
makiny 


1. 1 plL 1 plL’ 
А= 2 n | | = 
EXTA 2n ^ (pr^ 2s, 4 35, 
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2. With one feeder the point of connection to the rails will 
be at 1 = #L, making 


With two feeders the points of connection will beat / = å L, 
and Ё, making 


L ] „IL 1 olL 
IE RS Re E Xs. OB. S 


With u feeders the feed points will be at 


bey, Os "E ш 
2 и+1 ` 2дм+1 ^4 2 n+l 
making 
1 oIL | 1 ol L? 


A E (2 u4- 1) X (2 wt)? 2s; (2944-1? 3s 


Qo ,'_. of E 
24 (nth)? 35s 


Thus it is evident that making a connection to the bus-bar 
in addition to using feeders has the effect in the equation 


pe 1 poILP 
І 4 @ 3 5; 
of increasing the number by 4 а feeder. This will explain the 
points as the curve in Fig. 8 of 4, 14, 24 feeders, etc. 

If the bus-bar is insulated the equation for area representing 
leakage current 1s 


In the case of insulated feeders with negative boosters the 
leakage current from rails to ground is entirely independent 
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of the amount of copper used, and the size of feeders is deter - 
mined solely by the cost of power necessary to run the boosters. 

Having now found equations representing the leakage cur- 
rents for the different cases, let us now compare them. Fig. 5 
gives the cross-section of the copper at the power station in the 
several cases, to give equal weights of copper, the unit of weight 


а MILS|OF COPPER АТ |POWER STATION 


| 
| 
| 
- 


EIGHT OF COPPER 
Ww SL 


0 1 2 


Fic. 5. 


being w s; L, or a weight of copper of length L which gives а 
conductivity equal to that of the rails. 

Fig. 6 gives the relative leakage currents for the several 
cases (in which the bus-bar is grounded) plotted to amount of 
copper used. The unit of leakage current is taken as that 
which occurs on a line without negative copper in which the 
bus-bar is grounded. 
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Fig. 7 gives the relative leakage currents with the bus-bar 
insulated. | | 

Fig. S givesthe relative leakage currents for Case VII with bus- 
bars insulated, plotted with the number of feeders as abscissas. 
the points representing half feeders being as explained above. 

It is at once apparent that insulating the negative bus-bar 
very much decreases the leakage current in all cases, the de- 


100 


RELATIVE EARTH CURRENT 
| ' 
aw p à "E # wei eee yg ee оба 


50} 


i 


| А WEIGHT OF COPPER | 
| 0 1 x v SL 3 n 5 
Fic. 6. 


crease being in the neighborhood of NOC 4. Further than this, 
it is unnecessarv to consider the case of a solid ground at the 
power station, With the bur-bar insulated, it is seen that the 
leakage currents with the copper either uniformly distributed 
or distributed for uniform drop, are identical. The equations 
do. not represent the same line but thev coincide so nearlv 
that the curves are identical within a verv few per cent. 

With a single feeder to the middle of the line and a con- 
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nection to the bus-barat the power station, it is seen that the re- 
sults are poorer than for any other method for large feeders; 
the divergency becoming greater as the amount of copper is 
increased, but with a single feeder and no other connection 
between bus-bar or rails, the leakage is independent of the amount 
of copper used and equal to 4.8% of the original leakage with 
the bus grounded and no copper in the negative circuit. 


| WEIGHT OF COPPER 
% 1 2 3 $ 5 
w S.L 


Fic. 7.— Relative earth current. Negative bus-bar insulated. 


This latter is really covered by Case VII. The great superi- 
ority of the boosted negative feeder method of reducing leakage 
from the rails is at once apparent, two feeders reducing the 
leakage to 1.2% of its original value with the bus-bar grounded, 
or about 6.2% of its original value with the bus-bar insulated. 
Very little is gained by using more than two feeders. 
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In conclusion, a few figures as to the amount of copper re- 
quired to reduce the leakage to one half with the bus grounded : 
may be of interest. Let us consider a double-track road with 
100-Ib. rails. The equivalent conductivity of each rail is about 
1,200,000 cir. mils of copper if well bonded, making s; — 4,800,000. 

If the copper is to be of uniform section, 4,800,000 cir. mils 
must be used the entire length of the line. 

If the copper is to be distributed to best advantage it must 
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Fic. 8.— Relative earth current. Bus-bar insulated.—Case VII. 


be of a section 9,120,000 cir. mils at the power station, being 
reduced uniformly to zero at a point 65.5% of the distance to 
the end of the line. The total amount of copper used will be 
62°, of that in the first case. 

If an insulated feeder to the centre of the line 1s used, with 
a connection at the power house it must be of a section 7,200,000 
cir. mils making the weight of copper 7595 of that in the first 
case. 
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If the bus-bar is now insulated the 4,800,000 cir. mils ot cop- 
per extending the entire length of the line will reduce the 
leakage to 9.7%; 62% of this copper distributed .o best advan- 
tage will reduce the leakage to 12%; while a single feeder with 
a connection at the power house, using 75% of the copper will 
reduce it їо 10.4%. Using a weight of copper determined only 
by its carrying capacity and the cost of power, in two boosted 
feeders, will reduce the leakage to 1.2% with no connection at 
the power house and by using 20% larger feeders, to 0.77% 
with such a connection. 


Digitized by Google 


A paper presented at a Meeting of | the 
University of Wisconsin Branch of the 
American Institute of Electrical Engineers, 
Madison, Wis.. December 20, 1906. E i 1 


Copyrighti9u7. Ву А.І. Е Е. 


(Snéject to final revision for the Transactions) 


HIGH-TENSION OUTLETS. 


BY ALVIN MEYERS. 


The building outlet in high-tension work has become very 
important and will increase in importance as higher pressures 
are used. A great variety of outlet arrangements have been 
tried, each company having a method of its own. Each ar- 
rangement has its disadvantages and all are liable to give 
serious trouble in case of storms. Blowing rain and snow will 
enter the building with the open outlet, while with the bushing 
it is found impractical to build with glass or porcelain to suffi- 
cient size to obtain the necessary surface resistance. Plate 
glass with holes through the center for the wires, which are 
supported on line insulators, has proved a serious menace, 
owing to the leakage setting fire to timber construction, and the 
formation of an aic in metal construction. 

Inferior designs of outlets have often given fairly good satis- 
faction, due chiefly to local storm conditions. It is not ex- 
tremely difficult to provide ample insulation as long as this 
insulation can be kept thoroughly dry, but when exposed to 
driving rain and sleet defects appear very quickly. In all 
cases the outlet insulation should be better than that of the 
line itself, owing to electrical storms which are otherwise liable 
to start a disastrous arc at the outlet end of the building. 

The early outlets of the Telluride Power Company were. of 
two types—the voltage on the system being 44,000 between 
lines on a star-connected bank of transformers with the star 
grounded — the first type, see Figs. 1 and 2, employed at the 
power house at Nunns, Utah, consisted of a 4 in. by 4 in.. oak 
timber about 5 ft. long with a l-in. hole bored through the 
center to carry the wire which was incased in a hard-rubber tube. 
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The oak was very carefully paraffined, and then passed through 
a tight-fitting hole in the wooden gable of the power house. 
On the outside each bushing was further protected by a hood. 
All of the high-tension gable and the hoods were built with 
care from seasoned timber, and coated with shellac and varnish. 
These outlets have given some trouble in the case of a driving 
storm of snow and sleet from the direction favorable to the 
wetting of the whole gable-end of the power house. 

The second type of outlet was constructed in about the same 
way,except that the oak bushing was omitted and the line 
carried through an opening underneath the hood. In this 
case, snow blowing into the building was probably responsible 
for arcing over the transformer bushings. 

In 1903 a series of tests were made at the Telluride Power 
Company's laboratory in Provo Canyon, on what was then a 
new insulating material called fibre conduit. This material 


Fic. 1. 


is intended for use as underground conduit. It is manufactured 
in tubes of varving diameters, and in uniform lengths of 5 ft. 
each, the walls being from 1 to 4 inch thick. These tubes 
secure their mechanical rigidity and insulating properties from 
a fibrous body treated with an asphaltum compound. 

The results of the tests were as follows: 

Walls } in. thick punctures at 34,000 to 36,000 volts. 

EE M NEL S " 49,000 ‘ 57,000 “ 


No appreciable deterioration could be detected when the 
potential was maintained near the breakdown point for 10 hours. 

The arc at first seems very loath tohold near the surface of a 
dry conduit; but after a continued test with constant leakage 
the arc finally starts and carbonizes a channel when it will 
hold along the surface. An arc sufficiently violent to car- 
.bonize the dry surface causes the material to burn with very 
little flame, which goes out almost instantly when the current 
ais turned off. Wet surfaces deteriorate verv rapidly, burning 
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and carbonizing over almost the entire surface. This burning 
is plainly visible some time before actual breakdown occurs, 
and begins at a point so low as compared with dry surface tests 
that it was difficult to make any comparison, especially as the 
amount of moisture and the rapidity with which the test piece 
dried off after being soaked, was quite variable. 


A bushing was next built up, as shown in Fig. 3. This 


bushing was built of three straight lengths of fibre conduit. 
14-in., 24-in., and 4-in. tubes being placed concentrically, the 
spaces being filled with ozokerite. The outer end consisted of a 
4-in. T-joint capped on the upper end and fitted with a б-п. 
nipple on the lower end; this latter serving as a petticoat. A 
rubber-covered No. 8 flexible lead through the bushing was 
made one terminal of the transformer, the other terminal was 
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wrapped around the bushing at approximately what would be 
the wall position for such bushing. With this arrangemént, 
64,000 volts and upwards was applied for over five days, and 
although there appeared to be considerable radiation from the 
wires no surface leakage could be detected. Later the voltage 
was raised to 110,000 when light arcs and streamers over the 
end of the bushing inside of the transformer house indicated 
that the limit of surface resistance was reached, but no burning 
or puncture was obtained. 

For the purpose of making the wet test, a hose with river 


Fi. д. 


water was set playing against the gable of the transformer 
house above the bushing. This threw a heavy spray over that 
part of the bushing outside the transformer house. First, the 
hose was left playing for two hours; then the pressure was raised in 
about 5 seconds from 0.to 48,000 volts when a heavy arc formed 
across the 4-in. air-gap at the end of the bushing, thence along 
the surface to the wire wrapping. The pressure was instantly 
taken off and after drying for 10 to 15 minutes (the atmosphere 
was very dry with some wind) the pressure was again applied 
without the hose being turned on, and the bushing stood up 
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under 64,000 volts. Ап examination showed no appreciable 
carbonization. Next the hose was started again and the 
pressure raised more graduallv with readings of voltmeter and 
wattmeter taken on the low-tension side. Excessive burning 
over the bushing surface became visible at 30,500 volts, but 
the wattmeter reading showed excessive loss starting at 22,000 
to 23,000 volts. Finally the bushing was severely burned on 
the surface bv allowing a heavv arc to hold for several minutes 
while the hose was playing. This caused a carbonized channel 
to be formed about 2 ft. in length along a rather erratic path, 
not zigzag, but not the shortest path. The channel was about 
ps in. deep. All this carbonized material was carefully scraped 
off and the drv test was repeated with approximately the same 
results as before. The bushing was left in place during the 
progress of some other tests, and has since been subjected to 
an actual storm test of wet snow and snow and rain mixed. 
with considerable wind, lasting for about 48 hours. 

‚Ап actual storm test confirms the test with hose and spray 
of river water, and the wet tests as a whole show that the surface 
resistance of the conduit тау be reduced 80€, by wetting, 
while the puncture test remains practically the same with dry 
as with wet surface. A dry surface test compares favorably 
with a dry surface test on insulator glass. The puncture test 
shows excellent insulating qualities. 

From the tests it will be seen that this material had properties 
that made it, when exposed to the weather. an unsuitable 
material; that is, its surface insulation when wet was very poor, 
while its dry surface and puncturing resistances were very good. 
Numerous varnishes and like materials were used in the en- 
deavor to protect the exposed surface, but without results of 
sufhcient value to warrant the use of this bushing exposed to 
weather conditions. 

In the design of the Olmsted power house outlets. see Fig. 
4, it was decided to make use of the fibre conduit with the 
ozokerite filling, in fact the bushings were filled with various 
materials. crude ozokerite being the chief substance used, while 
the ends were sealed with small quantities of a firmer compound. 
Chatterton compound, minerallac, and a verv brittle asphaltum 
compound were used for sealing. These were used to prevent 
the oozing out of the material when subjected to the heat of 
the sun in summer. The Chatterton compound has proved to 
be less firm than the ozokerite and has oozed out shhtlv. 
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In order that the exterior surface of these bushings might be 
kept dry, a sheet-iron hood was designed to protect them 
from storms, see Fig. 5. The bushings were made of consider- 
able length in order to decrease the surface leakage. 

The conductor in these bushings is of 60,000-volt varnished 
cambric and braid insulation just large enough to fill tightly 
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the 14 in. inner tube of fibre conduit. These bushings have 
proved quite satisfactory, but it must be noted that the hood 
provides excellent protection against storms. 

Tests on the 1.5 in. conduit with the insulated conductor 
alone gave a breakdown bv puncture at 112,000 volts at the end 
of one minute's application. | 
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Later in the spring of 1905, a switching station near Lehi, 
Utah, was equipped with approximately the same style of 
bushing, 40,000-volt insulated wire being substituted for the 
60,000-wire mentioned above. It was thought that a liberal 
roof projection on the building would protect the surface of 
these bushings and they were set in the wall in a much more 
nearly horizontal position than at Olmsted. 

These bushings had been installed but a short time when a 
driving rain storm accompanied bv lightning practically de- 
stroved the whole nine of these bushings. Several were punc- 


Power House at Olmsted, Utah. 
10,000 h.p. capacity; line pressure 44.000 volts. 
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tured and the rest were severely burned over the entire surface. 
The building was only saved from fire by the presence of an 
attendant. The system was completely shut down until the 
attendant could cut the lines free from the building. This 
switching station is locatedin an unprotected place, where it is 
subject to the full force of storms as they come across Utah Lake. 

In consideration of the necessity of further protecting bushings 
of this kind from surface breakdown a porcelain collar was 
designed to screw on to the threaded end of the 4-in. conduit. 
See Fig. 6. Before screwing this collar on to the conduit, hot - 
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Ozókerite wax was poured over the threaded end of the conduit 
for a few minutes. A warmed collar was then quickly screwed 
home. 

In December 1905 a switching station with twelve of these 
bushings with porcelain collars was installed near Ogden, Utah, 
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the building in this case furnishing protection by a projecting 
roof. Thus far this arrangement has proved satisfactory. 
Tests at the laboratories with the bushings equipped with 
the porcelain collars showed the weak point between the porcelain 
collar and the conduit. Dry and wet tests alike broke down 
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along the threaded surface at 97,000 to 104,000 volts. 
This would indicate that this bushing was likely to give fairly 
good results even if exposed to the weather, since as far as all 
line conditions are concerned there would be no danger of 
breakdown at the normal line pressure or at any voltage that 
might be caused by switching, since a pair of these bushings 
would break down at about 200,000 volts. It must be remem- 
bered, however, that a lightning storm might easily produce 
a potential from line to ground that would break down one 
bushing alone at half this voltage, and this is the condition to 
be feared. Further tests on this stvle of bushing show that 
the whole series of tubes is likely to puncture at about 120,000 
~ to 130,000 volts. 

In further pursuing this work for the Telluride Power Com- 
pany, the writer has endeavored during tne past winter to 
produce a bushing which could be built and installed so as to 
obtain the following desirable features which are not obtained 
by other designs: 

1. To design a bushing one end of which might be directly 
exposed to the weather, thus doing away with the necessity 
of a hood protection which is not only expensive but has been 
itself the occasion for disaster in the case of severe wind storms 
which have in several instances torn away the hoods, together 
with the lines, and parts of all of the buildings. 

2. To design a bushing that might be adapted to the roofs 
of buildings so that lines could be kept sufficiently far from 
the ground with less height of walls and consequently less 
expense in building small sub-stations, etc. 

3. To design a bushing of such insulating strength that even 
a building of the cheapest sheet-iron construction could be 
used for a sub-station in an outlaying district, without danger 
from breakdown by puncture. 

4. To design a bushing which would cost far less in both 
material and labor than the forms previously used. 

To accomplish the first object it was thought advisable to 
get some reliable insulator which might be so combined with 
the fibre conduit that the exposed surface insulation of the 
conduit would not be relied upon at all. To do this it was 
thought that if an ordinary high-tension insulator having 
sufficient insulating surface to make it adaptable to an iron pin 
could be cemented to the conduit this part of the problem 
could be solved. 
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Further, the Telluride Power Company secured some refined 
ozokerite which showed remarkable insulating properties. 
This material as received was a black wax melting at 150? cent., 
and although it can be readily broken with a sharp blow when 
cold, it remains quite tough and slightly pliable when subjected 
to a steady strain even at 0° cent. Ап electrical test of this 
material was prepared by moulding plates about $ in. thick 
into each side of which, before cooling, circular lead punchings 
were ‘pressed with a pair of calipers until the distance between 
the lead discs was ү; of an inch. The discs were then used 
as terminals, and the voltage required to puncture was from 
120,000 to 130,000 volts. | 

In looking over the diflerent insulators оп hand,a dozen 
multipiece insulators were found which had been tested bv the 
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writer in 1903. These insulators were found to form a good 
combination for uniting with the fibre conduit. See Figs. 7 
and 8. It was decided to use a base and one intermediate 
petticoat piece of this insulator as shown in Fig. 7, depending 
upon the ozokerite filling to seal the connection between the 
conduit and the glass. It was found that much greater me- 
chanical strength. that is, better adherence between the glass 
and ozokerite was obtained by painting the inside of the insu- 
lator with a solution of ozokerite dissolved in gasoline, before 
pouring the hot ozokerite upon the glass. 

In the above arrangment the adaption of the bushing to a 
roof outlet is easily accomplished by using a pair of wood 
clamps to hold the bushing directly upon the ridge of the build- - 
jng. The opening between the clamps and around the bushing 
could be filled with ozokerite wax and the clamp blocks then 
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bedded in a mortar of plaster of *paris mixed with plastering 
hair, and then bolted to the roof. 

To improve the insulating qualities so as to make the bushing 
secure from puncture when placed through a sheet-iron roof, 
ozokerite was again considered on account of the insulating 
properties before noted. 

On filling all previous bushings it was noticed that the ozoker- 
ite seemed to boil and froth considerably when poured into 
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the conduit. Numerous tests were made of the puncturing 
voltages on bushings filled in the simplest manner. From 
these tests it was found that actual air-holes were left in the 
ozokerite, and the puncturing resistance was seldom increased 
by so filling. This led to an effort to fill the conduit so as to 
insure a solid mass of ozokerite, anticipating that if this could 
be accomplished the puncturing resistance would be increased 
many times. 

In the attempts to insure this homogenous condition of the 
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ozokerite the following experiments were tried: pouring at 
different temperatures: kiln-drying the conduit; rinsing out the 
conduit with hot ozokerite before filling; pouring and stirring, 
and lining the interior of the conduit with heavy brown draught- 
ing paper. The latter was finally found to give success after 
rinsing out with hot ozokerite, or rather filling and then empty- 
ing and refilling after heat had driven all froth off the material 
that had been used in rinsing. The pouring was finally done 
very slowly, only a foot or so at a time with half-hour intervals, 
owing to the extreme contraction of the ozokerite in cooling. 
This procedure kept the top part always hot so that it could 
sink down as it cooled from the bottom. Several pieces of 
h-in. conduit were thus built up with a wire through the center, 
and the voltage applied to cause puncture reached 140,000 
volts and over, while the conduit alone punctured at 49,000 to 
507,000 volts. 

It should be stated that much labor was thrown away by a 
burnt lot of ozokerite which was finally discovered by attempt- 
ing to chew samples both of the material used and of fresh 
wax. The burnt material would crumble in the mouth and 
could not be formed into a gum, while the fresh wax would 
form a tough gum. 

With the experience gained from these tests, and the objects 
before mentioned in view, a complete bushing was now built 
up according to the following: 


SPECIFICATIONS FOR CONSTRUCTING AND INSTALLING 
44,000-VorT OUTLET BUSHINGS. 


Constructing. Take a petticoat piece and one base of an 
insulator, as shown in Fig. 7, clean them carefully and paint 
the interior surfaces with a solution of ozokerite wax dissolved 
in gasoline. Place both pieces upon a radiator, or make some 
similar condition where the glass may be warmed up slowly, 
finally attaining a temperature of from 150 to 200° fahr. 

Prepare a piece of 14 in. conduit, 5 ft. long, by rolling a piece 
of heavy brown draughting paper 7 in. wide by 5 ft. long upon 
a round stick or piece of pipe and insert the paper into the 
conduit; then let the paper spring out and withdraw the form. 
Heat some of the ozokerite until thoroughly fluid and free 
from froth and fill the conduit. A wooden plug held by a thumb- 
tack is sufficient to close one end while filling. When full, 
empty the conduit (saving the ozokerite for final filling) and 
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place it into a form to hold it straight. A straight piece of 
plank with a few cleats and screws will serve for this purpose. 

The wire should be of bare copper ofthe size desired, with a 
4 in. threaded brass sleeve 14 in. long soldered 6 in. from one 
end. Pass the wire through the prepared conduit. A wood 
block 2 in. in diameter, 1 in. thick with a hole in the center 
should then be slipped over the free end of the wire, and a brass 
wire connector should be clamped or soldered back of the 
block so that it will pull the block against the conduit, when 
the threaded sleeve is 6 in. beyond the other end of the conduit. 

With the conduit in the form and ozokerite in good fluid 
state and free from froth, begin pouring, the conduit being 
inclined about 60? with the horizontal.. First fill the first 2 ft. 
and then fill a foot at a time at intervals of about one half hour. 
Longer intervals should be used in hot weather. Keep the 
wire tight; heat will loosen it. 

When filled and cold, wrap the conduit with wire (or tin foil) 
using wires about 1 in. apart to within about 14 in. of either 
end. With the wrapping as one terminal of the testing trans- 
former, and the central wire as the other terminal, raise the 
voltage slowly up to 120,000 volts. 

If the test is without puncture, remove the form and slip 
the base of the warm insulator over one end—the end may have 
to be shaved down slightly to make it enter the insulator with 
a good fit. Slip a piece of 24 in. conduit over the other end to 
within a few inches of the glass. Then fill the base of the glass 
with ozokerite (not too hot) and slip the 24 in. piece of conduit 
into the hot wax as far as possible: it should enter an inch 
bevond the threads at least. After a few moments for cooling, 
stand the bushing upon the lower end and put on and fill the 
petticoat insulator piece, lifting it quickly before the ozokerite 
cools just sufficient to let the ozokerite run into the joint between 
the two glass pieces. In filling the glasses, care should be 
taken not to have the ozokerite extremely hot but in a thor- 
oughly fluid condition. The pouring should be done continu- 
ously but slowly. 

When the material in the insulator has cooled, turn the 
bushing upside down and fill between the 24 in. and the 14 in. 
conduit pieces with ozokerite. When this has cooled, test 
for puncture again, wrapping the whole bushing from the glass 
to within 14 in. of the lower end with a wire for one transformer 
terminal and the central wire of. the bushing for the other 
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terminal. Bring the voltage up slowly to 120,000 volts as 
before. | 

If the test does not puncture it shows that the filling of ozoker- 
ite has been successful and the bushing will probablv require 
something over 170,000 volts puncture; since the 24 in. conduit 
alone has an insulation resistance of about 50,000 volts. It 
the inner tube has received a blow or mechanical injury when 
cold and before being supported mechanically by the 25 in. 
outer tube, the two will break down at about 80,000 volts. 

After this test, the cap and gasket may be put on top of the 
insulator and securely fastened by using a $ in. nut and cut 
washer. 

A pair of clamps should now be made*of two 4 in. by 8 in. 
timbers each about 20 in. long, and bolted to the bushing 1 ft. 
below the glass insulator. Clamps should be sawed to fit the 
pitch of the roof to that when fastened to the bushing the slot 
between the clamps may be filled with ozokerite so as to make 
them water tight. Several coats of good paint should be 
applied to the clamps to prevent weather-checking. Four 4-in. 
carriage bolts with nuts and washers long enough to reach 
through the ends of the clamps and the roof should be supplied 
with the bushing. 

Installing. Басһ bushing is designed to go directly through 
the ridge-pole of the building. The sleeve on the lower end 
of the bushing may be removed and a hole cut through the 
ridge just large enough to allow the bushing to pass freely 
through. The bushing should then be set in place and the 
holes marked for the roof bolts. The bushing is then lifted 
up and these holes drilled, after which a bed 1s made of plaster 
of paris mixed with hair; the bushing, 15 then lowered, and the 
clamp blocks bolted to the roof. . 

The bushings should be spaced at least 34 ft. on centers; pre- 
ferablv 4 ft., and like distances should be left between the 
bushing and the gable-end of the building. 

When the bushing is in place the 23 in. coupling at the lower 
end should be screwed back and plugged full of plaster of paris, 
the purpose being to keep the ozokerite from oozing out. 

The bushings are not designed to withstand anv appreciable 
mechanical strain, hence it would be preferable to set а pole 
on either side of the building to carry the main hne over the 
building, thence dropping short taps to the bushings; or set a 
“dead end " pole very close to the buildings so that the span 
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of the bushing may be verv short and the wires slack. Ground 
each bushing with a No. 4 bare wire, about three turns both 
just above the clamp-blocks and just beneath the roof. 

According to the above specifications, one bushing was first 
built and installed through a sheet-iron roof of the transformer 
house, and 96,000 to 100,000 volts applied between the ground 
wrapping and the bushing terminal for about three davs during 
which several severe wet snow storms occurred. A special 
test made during this storm is shown in Fig. 9 
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After this a voltage of 83,000 was applied to the bushing for 
over three weeks, with recording instruments on the low-tension 
side of the transformer recording watts and volts. Although 
a number of storms, wind and snow, more or less severe, occurred | 
during this time, no appreciable change could be noted on the 
wattmeter which was sensitive to a difference of about 30 watts. ' 

Shortly after the test of the first bushing, four more were 
built; three for a small sub-station on the Telluride Power 
Company's system, and one to complete the pair of bushings 
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for outlets of the 150,000-volt testing. transformer house at 
Qimsted. The cost of building these bushings is given below: 


Cost or MATERIAL USED For THREE OUTLET 


BUSHINGS. 

3 pieces of 23 in.'fibre conduit 5 ft. at 9cents............ $1.35 
9 "7 “le “ ы EM D ооо 0.60 
3 '"  ' No.4copper wire, each 7 ft. long, 31b. at 26c... 0.78 
3 insulators consisting of one middle piece and base 

(estimated) d eu неви аза) at27c. 0.81 
Three 24-in. fibre conduit couplings threaded 15 cents... 0.45 
20 lb. of ozokerite at 7 сепїѕ......................... 1.40 
БОХ Ta PG caue nudes EDS Pa 2d эзен ob a dob йр крй Wales 0.29 
18-4 in. by 9 in. carriage БоЦ........................ 0.65 
6 in. 4-in. brass rod, #1Ь............................. 0.15 
1 lb. $ in. rainbow packing, at 66 cents................. 1.32 
36 sq. ft. common [атег............................ 0.83 
25 1b; plaster paris ао s Bah been Erde io 0.16 
5 lb. plastering hair, at 2cents....................... 0.10 
Labor, one man 3 days (estimated)...... ............. 9.00 


$17.59 


A true comparison is hard to obtain in regard to the cost of 
the various styles of outlets that have been mentioned. It is 
probably a safe estimate to say that in the case of bushings 
requiring hoods, the hoods alone cost from $12 to $30 per 
bushing. The bushing at Olmsted station cost $25 each to 
build, and ‘the cost of hooding per bushing was about $30. 
The porcelain collared bushings have cost $18 to build, and the 
hooding may be estimated at $12 each. With the bushing 
designed and built under the above specifications, it will be 
scen from the itemized bill that the cost per bushing is about 
$6.00 while the cost of installation and hooding is practically 
Zero. 

All laboratory testsindicate that the electrical properties of 
the new bushing are far superior to those of other designs. 
The only questions that may arise are in regard to the dura- 
bility in service, when the ozokerite is subjected to such tem- 
perature and mechanical strains as cannot be avoided. 


A paper presented ata meeting of the Baltimore 
Branch of the American Institute of Electrical 
Engineers, January 11, 1007, in the Physical 
Laboratory of the Johns Hopkins University. 


Copyright 1907. By A. I. E. E. 


(Subject to final revision for the Transactions.) 


UNDERGROUND TRANSMISSION AND DISTRIBUTION 
OF ELECTRICAL ENERGY. 


BY CHARLES E. PHELPS. 


The faults in underground cables naturally classify them- 
selves as follows: 

1. Defects in the cable itself. 

Injury received during installation. 
Faulty workmanship. 

Mechanical injury. 

Electrolytic action. 

6. Certain external injuries. the cause of which may not be 
conclusively established. 

And to these six may be added the injuries which occur to 
cables not strictly underground, but which are above the surface 
of the ground on poles, etc., making connection with aerial 
conductors. This latter is uniformly the result of imperfect 
covering protection, or results from contact with the cable 
sheath of aerial wires; they can hardly be classed with the 
faults of underground cables. 

Referring to the other six classes of faults, the first three; viz. 

1. Defects in the cable itself, 

2. Injury received during installation, 

3. Faulty workmanship, 
should be sufficiently provided against in the contract for the 
cable and in the character of conduit construction, that they 
may be developed on the breakdown test which is invariably 
applied to a completed cable before putting it into continuous 
service. This test usually requires that at least double the 
ordinary working voltage shall be applied to the insulation of 
the cable; that is, between conductors and ground, for various 
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periods of time depending upon the judgment of the purchaser 
and acquiescence of the contractor. The test should never be 
pushed to a point where the insulation is liable to be pin-holed 
by the strain of the test voltage, and experience has generally 
pointed to the continuance of the test voltage for from one to 
two minutes' duration, instead of thirty or more minutes which 
have often been specified. Under this test the defect should be 
developed and the obligation should, bv contract, be imposed 
upon the contractor to make it good. If it should have been 
caused by any defect in the conduit construction the cable 
contractor would, of course, be blameless. The other faults: 


4. Mechanical injury, 

5. Electrolytic action, 

6. Damage to cable above ground. 
All these are of purely external cause. 


In order to illustrate this feature more prominently, below 
is;given a tabulated record of cable faults in this city for the 
seven years ending December 31, 1906, together with the 
lengths of cable in use in each year. This tabulation includes 
all classes of cables: 


13,000 — volt alternating-current, three-conductor cable. 
6600 ee ee [3 tt t. Е: 


[ 


2300 = ^" E Е б n 
1000 ^" ü E two- Äi 
500 = street railway feeders, 
250 = " three-wire distribution, 
Telephone cables from 5 to 400 pairs, 
Telegraph “ “ 20 to 200 wire, 


and various smaller cables used for burglar and fire alarm and 
other signalling purposes, including the police and fire alarm 
wires of the citv. In fact the table includes injuries to all those 
classes of wires which are found to be necessarv in the activities 
of any large and growing city. Summarized by classes of 
faults and by vears, the table is as follows: 

It should be noted in connection with the table above given 
that damage under head of gas explosions was not the immediate 
result of the explosion, but was caused by the falling of debris 
and burning gas. No cable has been directly injured from any 
gas explosion under observation. Also, that the damage under 
" Flood Water— Jones! Falls " was due to the carrving away of 
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cables on temporary suspension under a bridge crossing Jones' 
Falls, by heavy timbers carried down bv flood water. 


| | | | | 
Class; Nature of Damage 1900 1901 | 1902 | 1903 | 1904 | 1905 | 1906 |Total 
| | | | | i | | 
1 |DLefective cable.. — | 1 | — — — ` 2 — | 3 
2-3 |Damage during in ' | | 
stallation....... б — — — 3 7 4 10 24 
4 |Damage by Picks. | | 
bars, etc. -—- 2 6 6 ]3 . 27 4 as 
4 |Flood water, Jone: | | 
Еа!15........... | — — — 1 — 1 -- | 2 
4 |Gas explosions....' 1 — -— — 1 — — , 2 
| 
4 |Каїѕ,............ — — — —— — — 5 "E 
4 |By workmen in| 
manholes....... — — Hn 2 3 4 4 . 13 
Electrolytic action 1 -— 2 | 13 à | 4 | 4 31 
А ! ] 
6 |Cables above 
ground......... — 1 1 — — — | — 2 
7 |Unknown........ — — Ee CS o. deb | 7 1 N 
Totals....... 2 4 9. 27 20 ^ 49 — 


i 
È 


Feet of cable in opera- 
tion at end of each | 
уеат................|106.779 236.206 470,154 708 ,152'853.948 1,246,443! 1,535,294 
t К | 


Fault per 100 ft. of | | | 
cable.. .10.018 0.017 '0.019 0.038 0.034 | 0.039 . 0.018 


Summary of Cable Faults 


| | x Number | Per cent. 
Class , Nature | of faults | of whole 
és Ve ice Lu ЫЕ жа Т HERE 

1. Defective саһе........................ eed 3 2 
2. iDamaged in installation..... (024... 16 
4. |Mechanical injury.. | 80 | 55 
4. (Electrolytic action.... | 31 | 20 
5. ICables above ground... | 2 1.5 
6. e 8 5.5 

| бом | 000 


| | | 


The percentage in importance of each class of fault to the 
whole number is: 


1. Defective саЫеѕ.................... 2 per cent. 
2. Damaged in installation.............. 16 И 
3. Mechanical іпјигту.................. 55 i 
4. Electrolyticaction.................. 20 К 
5. Cables above ground................ 1.5 ш 


кі = ét 


ШпКпожп.......................... 5.5 


e 
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This is for the whole period of seven years; the record of the 
year 1906, just past. during which time there were over 1,500,000 
ft. of cable in operation. is as follows: 


1. Defective са|Ыһез............................ попе 
2. Damaged in installation...................... 10 
З. Mechanical injury...... TENERENT PEE 13 
4. Electrolytic асїїоп.......................... 4 
5. Cables above егойпа...................... "..none 
6. Unko ida eR d E ep eat bea nf odi iss 1 


a total of 28 or per 1000 ft. of cable in operation. 


18 
1000 

In considering the tabulations of cable faults, these data 
must be understood to show actual existing and not sporadic 
conditions; that not onlv do they cover a considerable period 
of time but they cover also a time during which progress in this 
particular branch of the art was undergoing great changes. 
A part of the time may even be taken as experimental. In 
addition to this, the data for the years 1904 and 1905, shown 
in these tables, will suffer in its application to a normal situation 
by reason of the apparently high percentage of faults developed 
on account of mechanical injury. 

Out of a total of 80 faults by mechanical injury for seven 
years, exectly onc-half, or 40 of them, occurred during the years 
1904 and 1905, although in 1906 there were but four, while the 
amount of cable 1n use was much greater. 

This disproportion is easily explained by pointing out that 
during 1904 and 1905 all street improvements consequent upon 
the fire of February 1904 were carried out. Street lines and 
grades were changed, necessitating a similar change 1n conduits 
and of cables within them. А great many men were employed 
upon all sorts of work and naturallv the underground system 
has to stand its share of damage. ` 

In studving the list of cable faults you will see that, barring 
the sole element of human frailty, all the faults may be to a 
large extent anticipated. and in a large measure avoided. By 
analvzing these failures, you will find some definite reason for 
each of them to which a remedy can be applied. I do not 
intend to convey the impression that a cable system can be 
developed which will never be fault-proof, because the conditions 
under which it is operated are not those of a parlor game; but 
one has to deal with men and materials that are by no means 
perfect. 
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I can perhaps illustrate the conclusion which I desire to convey 
to you. Suppose, say 20 important companies on this con- 
tinent engaged in the same character of electrical business were 
to keep accurate records of the performance of their under- 
ground equipment under actual operation, with clear explana- 
tion of the conditions surrounding and the effect of each cable 
fault; and suppose that all these 20 separate sets of data were 
avallable to each one of the companies concerned so that each 
would have, in addition to its own data, those concerning the 
cable performance of 19 other companies. Suppose now you 
had these data in hand, what would be the result? You would 
eagerly search out those of the companies which showed few 
faults where you were subjected to many of the same kind, and 
you would get in touch with them and learn in what particular 
they had succeeded where you had failed. In the same way 
you would be called upon to explain vour successful methods 
to certain others who had failed where vou had succeeded. 
This is a process which scems so easv, so simple, and so inex- 
pensive when the great benefits that would accrue are considered, 
that it seems surprising it 55 not an almost universal custom. 
I cannot refrain from backing up this statement by saying 
that this spirit of coöperation and coórdination is one of the 
important elements which has maintained the preeminence 
of the Bell Telephone Company in its particular field of operation, 
judging solely by results from the point of view of an outside 
but interested observer. 

Before closing this paper I ask vour consideration to a brief 
review of this particular subject which may really be termed 
the crux of the whole situation. Taking the cable faults in the 
order they appear on the chart, the first three: 


1. Defect in cable itself, 
2. Damage during installation, 
- 3. Faulty workmanship, 


should be covered by the contract for purchase and installation 
of cable, and they should be “ smoked out ” by the installation 
test before described. Owing to the fact that the factory test 
of cable before shipment is much more severe than the installa- 
tion test, and that the factory test is made on the cable while 
submerged in water, it is more than probable that anv fault 
developed in the body of the cable itself will be caused either 
during shipment or during installation. 

It will generally be impossible to determine on light and 
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power cables, which was the real cause. for the effect of the 
breakdown is to destrov the evidence entirelv; the affected 
part of the cable will vanish to parts unknown. 

Faults due to installation are in general due to four causes; 


1. Defective conduit structure, 

2. Reckless or improper methods of pulling cable into ducts, 
3. Rough handling or too sharp bends in manholes, 

4. Badly made joints. 


I think it sufficient simplv to enumerate these causes to 
indicate the prevention or remedy. 

Faulty workmanship may occur either during installation 
or later, due to additional taps or connections being made to 
an existing cable. Here the remedy, aside from the employ- 
ment of only skilled and careful workmen, is to provide a man- 
hole suitable for the conditions under which this work is to be 
done. There should be plenty of elbow-room. and cleanliness 
is one of the best friends to the underground cable. Even in 
a city without sewers, the expense of consistent drainage of 
manholes by expensive methods is justified. 

Mechanical injury may come from without through the agency 
ot the energetic man with the pick who generally never works 
so hard as when he is hacking away at something he h&s no 
business to hack; or it тау come bv reason of improper use of 
the manhole by workmen; or from such an unusual source as the 
despised rat, which has been dignified by what I hope are five 
obituary notices in our exhibited list, under the vear 1906. 

I hardly feel able to point out any remedies against this 
prolific cause of cable trouble that have not already perhaps 
occurred to vou, but there is one which comes from within and 
which often and unnecessarily results in trouble and is easily 
avoided. This, as 1s usually the case with internal cable 
troubles, concerns the manholes. I have myself recently seen 
inside the manholes of an important underground system where 
the cables therein were so run through the manholes that it is 
impossible for a workman to get to the floor of the holes without 
using these cables as a step ladder. This was the case, not in 
a single manhole, but in many of them. Apparently the man- 
holes were built simply because every other underground system 
had them, and they exhibited utter disregard of their permanent 
use by the cable equipment for which they were built. 


.1906] DISCUSSION AT NEW YORK 1х9 


DISCUSSION oN * RECENT INVESTIGATION OF LIGHTNING Рко- 
TECTIVE APPARATUS °’ AT NEw YORK, DECEMBER 28, 1906. 


Ralph D. Mershon: There is probably no other natural 
force amongst those with which modern engineering has to deal 
of which so little is intimately known as of lightning. In most 
engineering problems it is possible to control and reproduce at 
will the conditions actually existing in practice, and thus study 
the phenomena resulting therefrom; or, if this is not possible, 
there is a natural repetition of the phenomena of sufficient 
regularity so that they can be studied and traced back to the 
elements on which they depend. With lightning this is not so. 
The conditions existing in practice cannot be controlled, and 
the elements involved are so enormous, numerous, and variable 
that it is impossible to reproduce them. The natural repetition 
of phenomena isat such irregular intervals, and the phenomena, 
when they do occur, are apparently so erratic, due to the number 
and variability of the elements on which thev depend, that no 
satisfactory searching study has been made of them. 

As a result, we have no intimate knowledge of lightning. and 
the conditions governing it and its effects. Theorizing in regard 
to it is, in the lack of definite experimental data, of little value. 
Theory cannot be much more than guessing, and, within certain 
limits of probability, one guess is just about as good as another. 
There is about as much use in trying to forecast the weather 
for a certain day next vear as to tell what lightning will do. 

In view of the above, I am always more or less sceptical of 
any theories advanced in regard to lightning or lightning pro- 
tection; at any rate, unless actual practice has shown that there 
тау be some foundation for the theory. Even though practice 
should uphold the theory, as it has in a few instances, I should 
be sceptical, for, as has been the case more than once, the next 
installation mav upset both practice and theory. 

We are, I think, at times too much inclined to theorize without 
a sufficiency of data; to attempt to reason from a few facts 
pieced out with such fundamental data as we have at hand, 
instead of first experimentally obtaining at least a fair amount. 
if not all, the information possible, directly applicable to the 
subject in hand, and then endeavoring to formulate a theorv. 
The paper under consideration this evening is, it seems to me, 
somewhat open to criticism in this regard. 

By means of the data of Figs. 4 and 5 obtained on one trans- 
former, having a certain internal electrostatic capacity and 
subjected to a frequency or steepness of wave-front, which may 
or may not approximate that in the case of lightning, the 
endeavor is made to specify, within certain limits, the inductance 
which will form an effective protection. I think that if it were 
worth while, it could be shown that with other transformers 
and other frequencies of discharge, the criteria by means of 
which the writer of the paper has fixed the limits of effective 
inductance would be verv materially modified. In mv opinion 
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the author would have done much better to have turned to his 
Figs. 6 and 7 and said: “ Here are curves showing what in 
practice we can stand in the way of reactance. Guided by 
them, let us use all the reactance permissible." Even then, I 
should nof be inclined to agree with him as to the advisability 
of choke-coils. A choke-coil of any considerable size is an 
awkward and an expensive thing. It is expensive not only in 
itself, but in the space it takes up, and, besides, 1t usually adds 
complication to the station wiring, the high-voltage wiring 
which it is especially desirable to keep simple. 

If we must have choke-coils, let us put them in the same 
case as the transformers, and so save the complication in station 
wirng. Better still, let us do away with them altogether, and 
put such amount ofinsulation as may be necessary on the end- 
turns of the transformers, such amount of insulation as will take 
care of a considerable strain between the end-turns. Then, if 
we use a low-resistance arrester or its equivalent, we shall, I 
think, have ample protection. 

As between a high inductance choke-coii in connection with 
a high-resistance arrester, and no choke-coii in connection with 
a low-resistance arrester, I much prefer the latter. And it is 
possible to have the low-resistance arrester equipment, as I will 
show later on, even though the electrolytic arrester described 
by the author should not prove to be all that it promises, but 
which I hope it will realize. 

I have known of many cases where choke-coils of considerable 
reactance in connection with arresters of considerable resistance 
have failed to protect under severe conditions, but I have never 
known a case where very low-resistancearresters or fused arrester- 
gaps have failed to protect. I have known of a number of 
cases where apparatus has been damaged not only in spite of 
the choke-coils installed with it, but apparently because of 
them, due to disturbances on the circuit other than lightning, 
and a piling up of potential of the transformer terminals,probably 
because the choke-coil kept the transformer from freelv ridding 
itself of a charge set free in its windings. Such happenings as 
this would seem to indicate that if a choke-coil were used, an 
arrester should be installed on each side of it. 

Transformers will undoubtedly be more expensive with 
heavily insulated end-turns, but I think that in most cases the 
extra expense will be little, if any, greater than that of the 
separate choke-coils and the space they take up. This will 
certainly be the case for such extra insulation as will be necessary 
with a low-resistance arrester. The demand for a number of 
voltage taps need not interfere with the end-turn insulation, if 
the desired variation in the length of the transformer winding 
be obtained at the middle of the winding; that is, at the junction 
of the two halves of the winding instead of at the ends. Mul- 
tiple series connections of high-voltage windings ought not to 
be often required, and I believe that as time goes on they will 
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be required less and less; but even where they are required, I 
believe that the same. heavily insulated end-coils might be 
used as end-coils for both series and multiple connection, and 
meet most of the requirements in practice. ` 

I.am inclined to doubt the correctness of the opinion of the 
author seems to hold relatively to the resistance of lightning- 
arresters. I have reason to believe that under some conditions 
even a high-resistance arrester will be of benefit; and I do not 
think the author himself is prepared to state that the high- 
resistance arresters now installed atford no measure of protection. 
I do, however, agree that a low-resistance arrester is desirable 
at all times, and absolutely necessarv for proper protection 
under some conditions. 

It is possible to have a system of lightning protection which 
wil automatically adjust the resistance of the path to ground 
to that value necessary to take care of the discharge. Suppose 
we assume that the magical 400 ohms worked out by the author 
is the resistance which must not be exceeded under extreme 
conditions. Suppose that with a given voltage and generating 
capacity, a horn, or other suitable arrester, will operate satis- 
factorilv, if it has, say, 2000 ohms in series with it. Suppose 
we have five such arresters connected to each line wre, each 
arrester having 2000 ohms in series with it. Set one of the 
arresters on each wire for low-striking electromotive force; 
another arrester on each wire for a higher striking electro- 
motive force; another for a higher, апа so оп to the fifth arrester, 
set for the highest striking electromotive force which the appar- 
atus to be protected can, for a short period of time, safely 
withstand. Now suppose there is a rise of voltage on the line 
under such conditions that one 2000-ohm path to earth will 
properly discharge it. The lowest gap will flash over and dis- 
charge take place through the 2000 ohms in series with it, this 
discharge keeping the electromotive force of the disturbance 
down below that necessarv to strike across the next higher gap. 
If a disturbance occurs requiring a 1000-ohm path, the lowest 
gap will strike, also the next lowest, giving two 2000-ohm paths 
in multiple for the discharge. Similarly, with other disturbances 
more severe, more and more of the gaps will flash over until, in 
the extreme case, all five gaps will be active and the resistance 
of the combined path to earth will be 400 ohms—that specified 
by the author. If desirable, there might be one or more gaps 
having fuses in series with them, so that when they acted the 
discharge would have a path to earth of practically zero resis- 
tance. ° 

The above scheme of lightning protection might be carried 
out to any extent, and any desired number of gaps be used, the 
result being that under any given condition the path to earth 
would have a resistance as low as necessary to take care of the 
disturbance upon the line and that the disturbance to the 
transmission system, due to the dynamic current which would 
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follow the lightning discharge, would be proportionate to the ` 
necessities of the case. In an extreme case the disturbance to 
the system due to the dynamic current over all the gaps might 
be such as to cause a shutdown, but the apparatus would be 
protected. A shutdown without any damage to the apparatus 
is preferable to a shutdown resulting in apparatus which has 
to be patched up; fortunately, such extreme disturbances are 
rare. 

Such a system of protection as that described would apply 
not only to disturbances requiring a path to earth, but also to 
discharges passing from a conductor to conductor. It is to be 
noted that in such a system the operation of successive gaps 
not only reduces the resistance, but also the inductance of the 
path. 

I have for some time past made use of the scheme of lightning 
protection outlined above, except that only three sets of gaps 
are used on each line wire, and the highest gap has a fuse in 
series with it. Mv experience so far, extending over one light- 
ning season, has been very satisfactory. A previous experience, 
extending over several seasons and with a svstem of protection 
similar to, but much less elaborate than, that with the three gaps 
just described, was also satisfactorv. I have come to believe 
that such a svstem is about as near to being an absolute protec- 
tion for station apparatus as could be expected. This assumes, 
however, that the apparatus has that margin in insulation 
strength which good apparatus should have, enabling it for a 
short period of time to withstand considerably more than its 
normal voltage. 

The electrolytic arrester described by the author is a very 
interesting and promising piece of apparatus. I have seen it 
in experimental operation, and, so far as experiments go, it 
seems as if it might be effective. It remains, however, to be 
seen how it will behave in practice; what difficulties may arise 
due to the evaporation or freezing of the electrolvte, or to the 
sudden formation of vapor, in the case of a lightning discharge 
of extreme severity. Anv or all of these troubles mav be met 
with, but no doubt thev can be overcome, the latter possiblv 
by using a number of these arresters in multiple, either in series 
with gaps of the same size or set for different striking electro- 
motive forces. It looks as if we may at last have the ideal 
lightning-arrester and I sincerely hope that this is the case. 

In my opinion a very desirable requirement of a lightning- 
arrester is that it should be capable of being installed outdoors. 
| believe that as time goes on more and more high-voltage 
apparatus will be installed outdoors, instead of in a building. 
| think the time will come when not only lightning-arresters, 
but bus-bars, transformers, and even automatic circuit-breakers, 
where such are used, will regularly be installed outdoors. 
It seems rather illogical, and, from some standpoints, almost 
ridiculous, to instal high-tension bus-bars in a building with 
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barriers and all sorts of other complications, when the lines 
led off the bus-bars go immediately out of doors, unprotected, 
and often installed upon very questionable line structures. 

I understood Mr. Jackson to sav that in obtaining Fig. 4, 
the middle point of the transformer was grounded, so that the 
discharge went through half of the transformer winding only. 
I would like to ask if he took anv observations similar to those 
of Fig. 4 on the other half of the transformer winding? It 
would be interesting to know what voltages could be obtained 
on the other half of the winding? It would have considerable 
bearing on his statement indicating that the iron renders in- 
effective the space occupied bv it, so far as the inductance of 
the coil is concerned. 

Chas. Р. Steinmetz: This paper deals again with those four 
elements which. since the earliest days of electrical engineering 
have cofistituted the parts of lightning protective apparatus; 
namelv, the resistance, the inductance, the spark-gap, and the 
circuit-opening devices. 

In regard to the reactance or choke-coil, I also fullv believe 
in the effectiveness of the reactive-coil. It is obvious that the 
reactive-coil cannot be considered as a protection against all of 
the manifold manifestations of atmospheric electricity or 
internal surges; anvbodv can see that against a slow accumu- 
lation of electrostatic charge on the system by induction from 
‘the clouds, etc., whereby the total system rises as a whole in 
potential above ground, a reactive-coil cannot protect; also, 
it cannot protect appreciablv against a very low-frequency 
surge where the oscillation is of enormous magnitude and of a 
frequency not much above the normal line frequency. Then 
any amount of reactance which it is permissible to put in circuit, 
will not offer a sufficient protection. Hence, the reactive-coil 
is not a universal protective. However, it can be shown exper- 
imentally that at least against high-frequency oscillations, 
against travelling waves of steep wave-front, the reactive-coil 
offers a very marked and satisfactorv protection. | 

I cannot agree, however, with the paper regarding the numer- 
ical values of the minimum effective reactance. I believe the 
numerical values given are not correct general conclusions, 
but merely incidental to the particular conditions of the exper- 
iment from which thev were derived. The spark-gap was 
connected across the 200 end-turns of the transformer, and it 
was found that the electrostatic stress across these 200 turns of - 
the transformer, without reactive-coil, or with very small 
reactive-coil, had an equivalent spark-gap of one inch; that 1s, 
about 20,000 volts. The spark-gap was reduced to onc-half by 
an inductance of about 7 millihenrvs. If the writer of the paper 
had connected the spark-gap, not across 200, but across 20 end- 
turns only, he would have obtained a curve similar to that given 
in Fig. 5, but with an entirely different set of abscissas, and 
would have found as minimum effective inductance sufficient 
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to reduce the spark-gap to one half, about one-tenth of the 
value given in the paper. If he.had connected the spark-gap 
across the two end-turns. probablv the minimum effective 
reactance would not have been 7 millihenrvs, but something like 
0.07, or about one hundredth part of the value recom- 
mended, so that the effective reactance depends on the number 
of turns across which the electrostatic stress is observed. The 
error made by the writeris one of those into which Ibelieve all of 
us who have done experimental investigating and drawn con- 
clusions from it have fallen at one time or another; that is, to 
draw general conclusions, especially regarding the magnitude 
of a phenomenon, and then afterward find that these conclusions 
are not general, but special results of the particular conditions 
under which we experimented. 

Let us see what happens if a voltage is suddenly impressed 
upon a transformer, as here the voltage of the Leyden jarorthe 
condenser, of about 50,000 volts, or by an atmospheric oscillation 
or travelling wave, etc., or the line voltage when connecting a 
transformer into the circuit. Before closing the circuit the 
transformer windings are at zero potential; in the moment of 
closing the circuit 25,000 volts are put on one terminal; thatis, 
on the beginning of the end-turn, but the ends of this turn and 
the second turn are still at zero potential; and so at this instant 
the full potential of 25,000 volts exists across a single end-turn. 
An instant—a fifty-millionth of a second or so later—the current 
has passed along the first end-turn, and voltage exists at the 
beginning of the second turn, while the third turn is still at zero 
potential In this instant the full potential of 25,000 volts is 
across two end-turns; that is, each gets about half of the voltage. 
Again, in another fiftv-millionth of a second, the potential 
distributes across three turns, then across four turns, five turns, 
etc. You see the maximum potential difference which can 
exist without any reactive-coil across the first turn is the full 
voltage of 25,000 volts. The maximum potential difference 
across the second turn 15 half, half being across one turn and 
half across the other; across the tenth turn itis one-tenth, and 
across the 200th turn it 1553, of the full voltage. 

ouppose we takeout the first nine turnsand put them outside the 
transformer as a reactive-coil. The first transformer turn, then, 
is what was before the tenth turn; and at the same discharge, the 
same impressed voltage, the maximum potential at the first 
transformer turn is the maximum potential which was formerly got 
atthe tenth turn;thatis, itis one-tenth of the impressed voltage. 
That is, by putting nine transformer turns outside of the trans- 
former and in series therewith, as a reactive-coil equal to only 
nine transformer turns, verv much less than the minimum 
referred to by the speaker, the maximum electrostatic stress 
which can exist anywhere in the transformer is reduced to one- 
tenth of the previous va.ue. But the maximum electrostatic 
stress across the 200th turn is reduced only from 534 down to 
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зіу of the full voltage, because it is now the 209th turn, and 
the sum of all the electrostatic stresses across the first 200 turns 
is not appreciably reduced at all. Hence if we use a reactive- 
coil equivalent to nine transformer turns, and measure the 
electrostatic stress across the first 200 turns, we find no appre- 
ciable effect, while actuallv we have reduced the maximum 
electrostatic stress on the most exposed part of the winding, the 
first transformer turn, to one-tenth of the previous value; that 
is, we have secured a very high protection. 

After all, if a transformer breaks down internally bv a sudden 
discharge, it is not the 200th turn which breaks down, or the 
100th turn; it is one of the very first turns, where the electro- 
static stress is the maximum, and where, therefore, there is a 
maximum potential difference many times greater than given 
by the data in the paper, which data give, not the maximum 
stress anywhere in the transformer, but the value integrated 
over a very large part of the transformer; that 1s, an average 
which bears no direct relation to the maximum, against which 
we have to guard. | 

I do not need to go into this matter further because this 
phenomenon of distribution of potential in the transformer 
windings at a sudden application of voltage has been very fully 
discussed, in the classical paper read before the American Insti- 
tute of Electrical Engineers four years ago bv Mr. Percy H. 
Thomas.* There this phenomenon is very fully explained. : 

I think it fortunate that such high reactance 1s not necessary, 
but that a very great reduction of the maximum electrostatic 
stress results from verv moderate reactance; that is, by a reactive- 
coil which does not occupy as much space as the whole transformer. 
Obviously, the more reactance is put in the circuit, the more 
the stress on the transformer is reduced, but very soon it be- 
comes a question whether it is more economical to build a larger 
reactive-coil,or to increase the insulation of the transformer end- 
turns. To insulate between the end-turns against full voltage 
is difficult, and an additional reactance is therefore desirable; 
but as we have seen, a reactive-coil of very few turns only already 
reduces the maximum stress at the end-turns to a very few per 
cent. of the ma» imum possible stress, and so to a value against 
Which sufficient insulation of the end-turns can easily be pro- 
vided for without appreciable’ increase of size and cost of the 
transformer. А moderate size reactive coil and additional in- 
sulation of the transformer end-turns is preferable, because it 
does not make it necessary to have such a verv large react- 
ance, which spoils the regulation of the system by two per cent. 
or becomes impracticable altogether on a large-current low- 
voltage system. 

This feature is also important in considering the question 
whether the reactive-coil is a reactive-coil at all. It might also 
be stated as а conundrum for high-frequency phenomena: 


» 4 


* TRANSACTIONS of A.LE E. 1902, Vol XIX, р 213. 
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when is a reactive-coil not a reactive-coil? In speaking of 
reactive-coils as guarding against high-frequencv oscillations, we 
always assume that such a coil contains inductance and a very 
small resistance; but we usuallv forget that it also contains 
distributed capacity, that there is a capacity from turn,to turn 
which may be relatively small where circular conductors are 
used. There is, too, a considerable distance between turns; this 
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becomes very much larger where flat conductors wound in a flat 
coil are used, very much larger where we submerge the reactivc- 
coil in oil, due to the higher specific inductive capacity of the oil, 
the specific capacity of the oil being two or more times that of air, 
and due to the shorter distance between the turns, permitted 
by the higher disruptive strength of the oil At such very 
high frequencies as are produced by spitting from the line, by 
brush and spark discharges, bv an arcing ground on one side of 
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an isolated three-phase system, and many other such phenomena, 
the electrostatic capacity of the reactive-coil begins to be ap- 
preciable. 

What happens I can sketch only roughly. Let the reactive-coil 
be shown diagrammatically in Fig. 1, asa spiral, with the turns 
inside of each other. If a discharge enters at the lead A, if the 
frequency is high enough the current does not go around the 
complete spiral, but the current passes from one conductor to 
the next conductor through the capacity between the turns as a 
condenser. The current, starting at full value at A, gradually 
tapers down in the first turn, to nothing at B, within a limited 
distance; in the second spiral, the current is zero at A and 
gradually rises to a maximum at B. In the same way the current 
passes from the second to the third turn, etc. The current thus 
transfers across from turn to turn by the electrostatic capacity 
between the turns, gradually rising in each turn, by transfer 
from the preceding turn, and fading out again by transfer to 
the next turn. Thus the current flows a short distance only 
in each turn, but does not go around if the frequency is high 
enough. 

Assume that: 

= inductance per unit length of conductor, 

C = capacity per unit length of conductor, 

№ = frequency of the oscillating current, or frequency rep- 
resenting the steepness of the travelling wave. 

s — length from condenser center to condenser center, then 

C s=capacity of each of these condensers formed by successive 
turns. 

L s — inductance of the short path of the current from con- 
denser-center to condenser-center. 

The current has an infinite number of paths, a, b, c, etc. 


There is one path, on which the capacity reactance: k = 4 C: 


equals the inductive reactance: x = 4NLs and the total im- 
pedance thus is a minimum, equal only to the ohmic resistance; 
that is, this path is non-inductive, and the current flows across 
the reactive-coil on this path. 

In this case: 


Б = х 
it follows: 
1 
$ = — 
4NV LC 
OT: 
"E чан 
| 4$/],С 
That is, if: 


L is the inductance, C the capacity per unit length of the con- 
ductor, if the frequency of discharge is high enough, the current 
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does not follow the turns of the reactive-coil, but passes in a 
spiral, non-inductive path across the coil, and the reactive-coil 
is not a reactive-coil. The frequency where s equals the length 
of one turn, gives the limiting frequency at which this phenome- 
non is completed, at which the last inductance has disappeared. 
This limiting frequency is very high, somewhere in the range 
between 10,000,000 and 100,000,000 cycles, but it is a frequency 
which does occur in discharges from a line, not a discharge 
which comes from a long distance, but a frequency which occurs 
where a steep wave approaches a station, and then meeting»any 
obstruction spits over to other conductors near by, or into space. 
This phenomenon has to be considered when dealing with 
reactive-coils at very high frequency, and may be one of the 
causes why reactive-coils occasionally do not protect, but let 
extremely high frequency pass, just as well as low frequency, 
and act only in the case of intermediate frequencies. 

The phenomena resulting from distributed capacity in the 
reactive-coil at extremely high frequency are obviously more 
complex than those illustrated above. For instance, during the 
decrease of current by transfer to the next turn, across the 
intervening capacity, a transfer back to the preceding turn 
takes place also, and so a second parallel path of current, of 
lesser intensity, appears ahead of the main path a, as shown by 
b in Fig. 2, a third path at b', etc., and in similar manner, back 
of the main path, secondary paths с, с’, c’’ etc.,appear. These 
secondary paths, overlapping at the opposite side of the coil, 
result in various interference phenomena. Thus if all the 
turns of the coil are of the same effective length, at those fre- 
quencies at which the length of turn is a multiple of s, resonance 
effects intensify these standing waves; while at an intermediate 
frequency the standing waves passing around the coil in opposite 
direction, meet in opposition and thus neutralize. Again, with 
a coil in which the diameter of the turns tapers, resonance ap- 
pears in some, opposition in other turns, and radially distrib- 
uted nodes appear at all frequencies, shifting with a change of 
frequency | 

Coming to the next element of the lightning-arrester, the 
series resistance, I fullv agree with the sentiment—which can be 
read between the linesof the paper—that the best series resistance 
is the one of lowest value, and the lowest value 1s zero. "There 
are, however, two points of view; one point is that of the de- 
signer of the lightning-arrester, and the other that of the operator 
ofthe transmission system. For the protection and safety of the 
lightning-arrester, the higher the series resistance the better; 
and it is extremely difficult to produce a lightnmg-arrester 
without series resistance, which is really safe against self- 
destruction. But from the'^point of view of effective protection 
of the system, any series resistance is objectionable. Here also 
the writer of the paper has calculated numerical value for. one 
particular condition, and concluded therefrom that 400. ohms 
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series resistance is permissible. This conclusion is justified only 
for the particular condition where an electrostatic charge of 
100,000 volts appears somewhere on the line and approaches 
the station along the line. There may be other disturbances 
in which this series resistance is not permissible. It may happen 
that in a station a short circuit takes place, and instantly 
ruptures. For instance, by some overload the circuit opens, 
but the switches fail, as should not happen, but still occasionally 
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happens; that is, the switches burn up by a flaring arc and the 
short-circuiting arc ruptures itself spontaneouslv, explosively, 
as such arcs occasionally do at the maximum of the current 
wave. That means a rupture of the short-circuit current. 
That current cannot instantly céase in the svstem, but con- 
tinues to flow, and not having a path merely backs up as voltage. 
It is obvious that in any large system the voltage produced by the 
instantaneous rupture of the maximum short-current circuit can- 
not be appreciably relieved by the discharge over a 400 ohms resis- 
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tance. A circuit with 400 ohms resistance will not reduce the 
destruction to any appreciable extent. For instance, at the 
Milwaukee convention last May, Mr. Osgood of the New Milford 
Power Company reported on the low-frequency surge in his 
system produced by some person who threw an umbrella handle 
into the transmission line at 33,000 volts. Orin cases like that of 
a metropolitan system, where a short-circuit oscillation or 
surge occurred with a current sufficiently large to bend heavy 
copper bars, and at a voltage jumping across seven inches of 
air. No protective device with 400 ohms series resistance 
would have any appreciable effect in relieving such a surge. In 
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the case of 400 ohms series resistance, or any series resistance, 
there always comes a point where the magnitude of the surge 
is such that the series resistance becomes fatal. 

In regard to the electrolytic arrester, I may say that it is a 
very interesting apparatus. I know that Professor Creighton 
has been working on this type of lightning-arrester for several 
years, and I believe some such arresters have been out in com- 
mercial service on high-potential lines for a year or two. 
I expect we shall hear something of the performance of these 
arresters either to-night, or at the meeting of the Institute for 
which P:ofessor Creighton promises a paper. 

In 1срага to Mr. Mershon’s proposition, I approve of his type 
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of lightning-arrester, a number of spark-gaps set for different 
voltages, with different series resistance, a low-voltage spark 
gap with a very high resistance, and then a little higher 
voltage spark-gap with soníewhat lower resistance, etc., so 
giving the current the choice either to jump only the last spark- 
gap with high resistance limit, or the next one with lower 
resistance, or the next, etc. We know that a number of small 
gaps in series are more effective than one large gap in opening 
the circuit, so that several gaps in seriesare preferable. Suppose 
the first path contains 100,000 ohms, with a certain number of 
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spark-gaps; the next arrester contains 1,000 ohms, with a few 
more gaps; the next one is 100 ohms, and still a few more gaps 
so as to require a higher voltage; then the next one is 10 ohms 
and still a few more gaps. ‘If the designer of the lightning- 
arrester has sufficient confidence, the last path may contain 
still more gaps, and no resistance, as sketched in Fig. 3, dia- 
gramatically. There seems to me no reason why instead of 
separate spark-gaps for each path, the same spark-terminals 
could not be used for all, and the protective device built as 
sketched in Fig. 4. Even the same resistances may partly be 
used. Possibly we might go stil further and connect on to 
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the next or to the ground line with a high resistance, so that 
a gradual accumulation o^ voltage can discharge steadily; this 
results in a very satisfactory arrangement for the discharge of 
lightning, because it would select the resistance according to 
the severity of the discharge and always use the least number 
of air-gaps and the highest resistar.c? permissible bv reason of 
the character of the discharge. 

Percy H. Thomas: Somehow or other we do not seem to 
lose our interest in lightning-arresters, and I hope Mr. Mershon 
will not take away all of our discussion of theorv, because if he 
does I do not know what we shall talk about. 

I think a little more explanation of the method bv which a 
series choke-coil protects the transformer winding is worth 
while. The point I want to bring out is that the concentration 
of potential on the outer turns results from the electrostatic 
capacity within the winding of the transformer. Suppose we 
have a transformer winding connected to earth on one side, 
and a static disturbance comes from the line; assuming that 
there is no capacity between the turns or to the ground in that 
winding, we will not get an uneven distribution of potential, 
severe at the line terminal and light at the other end, but a 
perfectly uniform distribution of potential throughout the 
winding, the same number of volts for each turn. Suppose we 
put a choke-coil between line and ground, and suppose the 
same disturbance to come from the line; as before we will get 
no concentration of potential, simply a distribution through 
the total winding of the transformer and the series coil; and 
each unit of induction will have the same voltage impressed 
upon it. Suppose, on the other hand, we have the actual case 
occuring in practice; that is, a winding with electrostatic capacity 
between each turn and ground and between adjacent turns 
(the.latter having very much the same effect as the former); 
the capacity of each turn may then be considered as equivalent 
to a small condenser. Before the discharge from the line 
reaches the first of these condensers, the potential of the corres- 
` ponding turn remains practically zero and there will be no 
change until the discharge from the line has flowed from the 
terminal to this first condenser, as Dr. Steinmetz has explained; 
and for a brief instant of time full potential is impressed between 
the terminal and this point. Then, as the charge penetrates, 
this potential is distributed on more and more turns. Suppose we 
assume А in Fig. 1 to be the line end of the transformer winding, 
and that the other end B is connected to ground. Then, in the 
first case where there is no capacitv in the winding and no 
series coil, the maximum strains will be shown by Curve /, іп 
which is plotted as ordinates the maximum potential which 
will be found on each turn. The resultant curve will be practic- 
ally a straight line. 

In the case in which we have capacity in the winding, however, 
and no series choke-coil, the curve of maximum potential 
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between turns is shown by Curve II. Taking the case in which 
the winding has no capacity, and a series choke-coil is introduced 
at the point C, the distribution of potential will be as shown in - 
Curve III, where each unit of inductance receives the same 
impressed voltage. In the case where the winding contains 
inductance and we have a series choke-coil, as usually met 
with in practice, we have a distribution of the potential as 
shown in Curve IV. The effect of the choke-coil is thus seen, 
in practice, to be the reducing of the maximum strain on the 
first turns only. 


Fic. 1 


* 


Of coursé the condition which determines how much poten- 
tial will be impressed on the outer turns of the winding is the 
raté at which the charge penetrates the coil, and is controlled 
just as much by the capacity of the winding as bv its inductance. 
The greater the inductance and the greater the capacity the 
slower will the discharge penetrate and the greater will be the 
concentration of potential. 

I think it will generally bé admitted that one given value of 
inductance in a series choke-coil will not be suitable for pro- 
tecting all sizes and types of transformers. 

Mr. Jackson has brought’ out an interesting point: that a 
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condenser which is stretched out over a long distance; that is. 
having distributed inductance and capacity, as a transmission 
line, charged to a given potential, cannot produce during discharge 
more than a certain current, and that using a definite resistance 
in series with such a discharge would always produce a potential 
proportional to the potential to which the line was previously 
charged. This condition, which is not true of a condenser 
where there is not a uniform distribution of capacity and induc- 
tance, is analogous to the discharge of water from a long trough 
or canal of uniform cross-section, in which case when once 
started the liquid contents would flow out at the mouth at a 
constant rate, neglecting resistance losses. However, it is 
hardly safe to apply this conclusion to a practical transmission 
line, since we may not have one but several lines discharging 
through the arrester at once, and since we mav have a direct 
lightning discharge passing to ground which will, of course, be 
controlled as regards its current strength by considerations 
other than line capacity. 

I wish to call your attention again to another system of light- 
ning protection, differing from the arrangement suggested by 
Mr. Mershon. Suppose we have a transmission line and have 
standard lightning-arrester apparatus of a type capable of 
caring for ordinary discharges continuously and without renewal. 
We may then add at some point, possibly between 1 and 5 miles 
from each station, à number of fuses in parallel connected 
between line and ground in series with a spark-gap, each fuse 
having an addition a gap of its own. We then have an arrange- 
ment which will not only care for ordinary disturbances without 
attention or renewing of apparatus, through the arresters at 
the stations, but also for relieving severe discharges or passing 
direct strokes to earth through one of the fuses, and thus inter- 
rupting the generator current. The use of several fuses and 
series air-gaps insures that a number of severe discharges can 
occur without leaving the line unprotected. These fuses can 
also be easily arranged to be renewed while voltage remains on 
the line. 

This system of protection is brought up at this meeting on 
account of the tests reported by Mr. Jackson, which indicate 
that a fine wire inclosed in a tube opens the circuit very quickly 
—in this case at the end of the first alternation—without rise 
of potential and without opening circuit-breakers, and pre- 
sumably without disturbing synchronous apparatus. This 
result, if substantiated by later experience, as seems very 
probable, is of the greatest importance, as it eliminates one of 
the chief presumptive difficulties of fuse arresters: namely, the 
interruption of service from temporary short-circuit on the line 
I suggest, however, the use of a German silver wire in place 
of the fine copper wire, as this will blow at a smaller current. 

The electrolytic arrester is, of course, the item of greatest 
interest in Mr. Jackson's paper. There seems to be a general 
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impression that this will work out satisfactorily and will eliminate 
a great many of our lightning-arrester troubles, both theoret- 
ical and practical. - 

E. E. F. Creighton: In the matter of equivalent needle-gap 
of apparatus, resistance, etc., the mysteries are gradually 
clearing awav. In measuring the equivalent needle-gap of a 
resistance there are a number of factors involved which give 
variations. The equivalent needle-gaps of rods in series and 
parallel are given below: 

The G gap on the static machine was set at 4 in., the 
electrodes on the static machine were 1.4 in. in diameter. The 
inner coatings of three one-gallon Levden jars were connected 
to each terminal of the machine, and the outer coatings of each 
set were connected to the resistance terminals. The equivalent 
needle-gap of three rods (750 ohms) was 1.59 in. With another 
equal resistance laid in parallel, the equivalent needle-gap was 
1.27 in. With the third equal resistance laid in parallel, 
the equivalent needle-gap was 1.09 in. With the resistance 
short circuited, the equivalent needle-gap was 0.15 in. If the 
three values of equivalent needle-gap of the three resistances 
are plotted, there is a proportionality which approaches a straight 
line. If we take into account the impedance in the circuit, we 
do not in this case get the concordant values shown later. There 
is every reason to believe that the same laws apply to a needle- 
gap used to measure voltage as apply to meters. In this case we 
are attempting to measure the impedance of a circuit 16 in. 
long with a needle-gap connected to leads which are more than 
three times as long. therefore we may scarcely expect to get 
correct values of the inductive drop across the 16 in. Further- 
more, it requires a certain time to elapse after the potential 1s 
applied to the needle-gap before the gap begins to spark. If we 
put the needle-gap, as an. instrument of measure, under better 
conditions of operation; that 1s, make the needle-gap circuit of 
less inductance than the circuit to be measured, it gives, at 
least in most: cases, reasonably good results. Following is 
given the relation of the equivalent needle-gap of resistance 
made up in two wavs: 

1. As a sample rod of 250 ohms; 2. As seven rods in par- 
allel and seven sets in series, making a total of 250 ohms. The 
equivalent needle-gap of the single rod was 0.47 in. (G-1 in). 
The equivalent needle-gap of the 49 rods was 0.86 in. The 
circuit composed of the 49 rods was necessarilly very much 
longer than that of a single rod, consequently a short-circuit- 
ing wire was laid over the same path and the equivalent 
needle-gap taken of the inductance. The value was 0.6 in. 
It will be seen that the equivalent needle-gap of the induct- 
ance and the equivalent needle-gap of the resistance will 
combine vectorially to make 88% of equivalent needle-gap of 
the impedance of the 49 rods. This error of 12% can. be 
accounted for. 
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The same set of resistances was tested with a machine gap of 
С = 7 in. We obtained the following equivalent needle-gaps: 


250 ohms in a single rod, 0.59 in. 
250 ohms in 49 rods, 1.35 “ 
A copper wire in place of the 49 rods, 095 “ 


The combination of the resistance, 0.59 in. and inductance 
0.95 in. vectorially gave 1.12 in. for the equivalent needle- 
gap of the 49 rods instead of 1.35 in. Again, the conclusion is 
that the discrepancy is within the degere of accuracy of meas- 
urement. These rods were made of standard composition 
with carborundum as a base. The resistance seems to have 
the same parelleling properties as metallic resistance. In fact, 
the same ohmic resistance of either non-metallic rods or metal 
wire gives the same equivalent needle-gap. There is a case, 
however, where parallel resistances made up of non-metallic 
composition will not have the paralleling properties. This 
kind of resistance may be placed in the category of coherers. 
If the substance of the resistance is composed of particles which 
are normallv in separation and a static spark takes place, the 
particles cohere along a definite line and suddenlv reduce the 
resistance to a comparatively low value. If the resistance is 
sufficiently reduced or the quantity of electricity is sufficiently 
small, the coherer thread of contacts relieves the potential and 
there is no tendency for the material to break down in anv 
other line. Under these circumstances, placing a_ parallel 
resistance in circuit will not affect the equivalent needle-gap. 

As a matter of comparison, the equivalent needle-gaps are 
given herewith for rods of higher resistance. In each case the 
machine gap, G, was 4 in. The length of the rods in the 
following test was 8.5 in. The equivalent needle-gap of one 
3200-ohm rod was 1.52 in. The equivalent needle-gap of two of 
these rods in parallel was 1.14 in. It should be noted that 
the equivalent needle-gap of this 3200-ohm rod is less than 
the equivalent needle-gap of 750 ohms, due to the fact that 
the three rods making up the 750 ohms gave a longer length 
of circuit than the one rod of 3200 ohms. 

The equivalent needle-gap of one 220,000-ohm rod was 2.15 in. 
The equivalent needle-gap of two of these rods in parallel was 
1.791n. It should be noted in this test that the resistance of the 
rod as compared to the inductance of the rod is becoming 
predominant. 
© Since these results can be explained bv conditions of the 
inductance, capacitv, and the method of measurement, it would 
seem that an equivalent needle-gap taken under any other con- 
dition need only have all the conditions given to make it intelli- 
gible. If the frequency of the circuit is lowered the inductance 
factor in the above tests becomes more negligible. 

The speaker has been working for several vears on electrolyte 
cells, especially in their application to lightning-arresters. Two 
vears ago one of these arresters was installed for test on a line 
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during a short period, and last vear we had an aluminum cell 
arrester on a 33,000-volt line during practically the whole 
lightning season. The speaker was scheduled last year to read 
A paper on this subject before the Institute, but it was thought 
advisable to put the arrester in commercial form with the ex- 
perience of a season back of it before describing it. There is 
much to be said in its favor. We have collected a consider- 
able amount of experimental data concerning its operation which 
we hope to present at the March meeting. These cells can 
be so made that the resistance above the critical voltage will 
be but $55,545 of the resistance below the critical voltage. 
In other words, a cell has a high resistance for normal potential, 
but a low resistance for potentials much above the normal. 
It has been our practice to install the arrester with its critical 
potential about 25% above normal. The current that this cell 
will discharge without increasing the potential to a dangerous 
value depends entirelv upon the construction. 

Below will be found some information regarding screening, 
chosen from tests on the multigap arrester. There were 190 
,,-in. gaps in series Without a screen on the multigap 
arrester, the spark-potential on а 60-cvcle circuit was 68 kv. 
With a screen around the multigap arrester, the spark potential 
dropped to 60.4 kv. With one terminal permanently grounded, 
the spark potential was 47.5 kv. without a screen; with a 
screen the spark potential rose to 53.9 kv. With one terminal 
arcing to ground and no screen, the spark potential was 
between 34 and 36 kv. Under the same conditions, with a screen 
the spark potential was between 40 and 43 kv. It will be seen 
from these tests that the tendencv is to make the spark potential 
more uniform for all conditions, but the screen does not en- 
tirely accomplish the result. The equivalent needle-gap with 
an impressed frequencv of three million was then taken with 
the following results: 

The equivalent needle-yrap with the screen was 2.45 in.; the 
equivalent needle-gap without the screen was 2.67 in. The 
sum of the 190 series gaps is 6 in. The two halves of the ar- 
rester were connected bv a wire of considerable length which 
makes the equivalent needle-gap higher than that of the normal 
installation. 

In regard to the form of the potential wave. I presume that 
the direction of movement in Fig. 8 is from right to left and 
that a current transformer was used in getting the current 
record, but I cannot understand why the potential wave 15 all 
on one side of the zero value. Did not this oscillograph havea 
very low natural period of vibration? In Fig. 9 I note again 
that the deflections of the potential wave are greater on one 
side of the zero than on the other side and that the generator 
wave of potential had already reached a considerable value 
before the switch was closed. | 

In Fig. 8 the oscillogram shows that the current apparentlv 
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reversed in direction and then came gradually back to zero. | 


Experience demonstrates that the current will continue to flow 
during most, at least, of the second half-cvcle if it once gets 
started in the reversed direction. The false record of the 
оѕсШортат is due to the use of a current transformer. The 
magnetic leakage in the transformer prevents the current in 
the oscillograph rising to its true maximum value. The de- 
creasing current is less sudden, the magnetic leakage less and 
therefore the deflection is carried across the zero and returns 
along a logarithmic curve to zero. 

H. B. Alverson: As the testing of lightning-arresters comes 
at the operating end, I can merely. speak of certain results ob- 
tained in stations having 700- to 1200-kw. circuits, with a 
station capacitv of 3,000 to 6,000 kw., with standard forms of 
lightning-arresters. The experience extended over a period of 
several vears. It was soon found that arresters without series 
resistance on these circuits were of no value. The standard 
forms of lightning-arresters were used under ordinary condi- 
tions, with care and inspection, the limiting resistance producing 
a condition that gives operating results approaching continuous 
service. We have one of our.stations equipped with choke- 
coils and low-equivalent arresters. With this outfit no inter- 
ruption to the service has occurred; whether this covers all 
conditions or not of course we cannot tell. As Dr. Steinmetz 
has said, we cannot obtain arresters that will cover everv con- 
dition, but it appears to me that on the lower voltages there is 
apparatus with which results mav be obtained which will answer 
all purposes. 

As I read it, this paper gives a method of determining the 
proper choke-coil to be used for anv particular apparatus. 
With that data it should not be a very difficult matter to obtain 
proper proportions of apparatus so as to avold suffering any 
severe interruptions except in extraordinarv cases. 

P. M. Lincoln: The collection of data on this subject of 
lightning protection 1s one of the most difficult with. which the 
electrical engineer has to deal. It is difficult on account of th 
impossibilitv of observing what takes place in practice. It is 
impossible to tell the exact strength of the blow of the lghtning 
force in апу given case, and it 1s almost impossible to tell what 
its results are on account of the lack of observers at the time 
the thing happens and the varying tales one gets from casual 
observers after the thing happens. As I look at it, there are 
three methods by which we can collect data on the general 
subject. One is that just mentioned; viz., the observation of 
lightning phenomena themselves. This is unsatisfactory, for the 
reasons just stated. Although ‘it is impossible, or difficult. 
rather, to judge of the reason why certain protective apparatus 
fails or succeeds in actual practice, still on its results in actual 
practice must depend the final judgment as to the value of 
that apparatus. 


a 
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The second method of obtaining data on this subject is that 
of pure reason. In that category I place the first part of the 
paper read this evening, and also the interesting arrester 
arrangement which Mr. Mershon has just described. I would also 
place in the same category the verv interesting exposition 
which Mr. Steinmetz has given us in regard to when a choke- 
coil is not a choke-coil. These things I would place under the 
head of pure reasoning on this subject, and we can get a good 
deal of information in that way. 

The third way is to manufacture our own lightning and 
discharge it through set conditions in certain circuits, and bv 
varying the conditions which obtain in the circuits, derive the 
information sought for. By creating our own artificial lightning 
and discharging it through given conditions, and making observa- 
tions, bv that method we can gain our most reliable data. That is’ 
the method pursued in the historical experiments by Oliver 
Lodge, as well as those pursued later by Mr. Wurts and still 
later bv Mr. Thomas and others. 

One more point, and that is in designing lightning appar- 
atus we have two things to protect; one, the protection of the 
apparatus in the circuit; the other, the protection of the 
service. A simple spark-gap, nothing in series with it, is un- 
doubtedly a most perfect protection to the apparatus. It 
allows the accumulated charge to get off the line, but at the same 
time it allows the dynamo current to follow and thereby interrupt 
the service, unless there 1s some arc-interrupting device. I think 
that these two things should be kept quite distinct: protection of 
the apparatus and the protection of the service. Most operating 
engireers will be willing to sacrifice some apparatus to save the 
service. 

Ralph D. Mershon: Referring to the suggestions made by Dr. 
Steinmetz relatively to using a single resistance, I have preferred 
not to do this because it seems to me an advantage to have 
several paths, thus reducing the inductance as well as the re- 
sistance of the combined path to ground. 

One reason for not using the number of gaps shunted in the 
way he described is that my experience with a series of gaps 
has not been a very happy one, due to the peculiar distribution 
of potential over these gaps bv reason of capacity effects. I 
prefer something like a horn arrester which is not easily burned 
up, and is not subject to the uncertainties to which a series of 
gaps are liable. I am especially in favor of the horn arrester 
because it can be put out of doors; whereas a series of discharge 
gaps is not well suited to this. 

I think that fuseson the line would not be effective in protecting 
station apparatus, judging from some things which have hap- 
pened from time to time on transmission lines under construction. 
I have known of cases where a line in the course of construction, 
with the line conductor grounded at the point where the con- 
struction work left off, has been struck by lightning which, 
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instead of going a mile along the line conductors to ground, has 
preferred to smash through insulators, presumably in the 
neighborhood of the point where the disturbance originated. 
; am sure that fuses, in order to protect the station, would have 
to be at closer intervals than those suggested bv Mr. Thomas. 

R. P. Jackson: Mr. Mershon asks about Fig. 4. In that 
case the static disturbances were impressed upon both ends of 
the transformer. I left off the other end of the curve, as it 
was a duplicate of the end shown. We got no record different 
from the end which is shown. As to what the effect ol the 
disturbance on one end would otherwise have been on the 
other we cannot tell; but tests have been made with transformer 
coils, with iron and without iron, showing no material difference, 
in choking effect, etc. 

In regard, to oil choke-coils, and the closer spacing of the 
turns, another point I did not mention was that this choke 
effect is not directly a function of its total inductance, but of 
its inductance per unit length; and naturally a coil which 
could be made more compact and have greater inductance 
per unit length of wire would have a greater reflecting effect. 
It is true, as Mr. Steinmetz pointed out, the capacity effect 
would come in, and a coil would be ineffective for very high fre- 
quency and verv low frequency, but there is a wide range which 
appears to include most lightning disturbances which a choke- 
coil will handle. 

Regarding the 400 ohms as a critical resistance, it was not 
meant that this was the onlv permissible resistance without anv 
question whatever. It was a value which, under the conditions 
given, would just eliminate a rise of potential and reflection at 
the lead of the apparatus, meaning that lower resistances were 
desirable, if possib'e. Therefore, from that calculation it ap- 
peared to be that 100 ohms, or something in that region would be 
more desirable than anything above it. It would noti mean that 
1,000 ohms would not do any good, but that it would do 
so little good that great effort should be made to keep below 
the 400 ohms, because, under the conditions indicated, using 
1,000 ohms ,while there is some discharge, there 1s still a rise of 
potential and reflection which will do harm. While the rise 
of potential is not the same for any resistance whatever, still it 
would be there to some degree; 400 ohms would prevent 
rise of the deflection, but still give a rise equal to that of the 
original incoming wave, while with zero resistance there would 
be no potential whatever existing there. What Mr. Thomas 
savs about parallel lines requiring lower resistance 1s perfectly 
true. 

In regard to the oscillograms, I did not operate the oscillograph 
at the time the records were taken. and I cannot say why the one 
on Fig. 8 is not symmetrical, but any one who has worked 
with an oscillograph knows that thev do become erratic at 
times and deviate considerably, probably due to static influences. 
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This effect is not so noticeable on Fig. 9, but still the curve is 
somewhat distorted, due to some lack of adjustment in the 
oscillograph, or failure to ground the frame. 

J. Е. Vaughan (by letter): In view of recent progress 
made in special devices for the protection of lines and 
apparatus there seems to be good prospect of accomplish- 
ing proper protection against ordinary disturbances due 
directly to internal or induced by external causes. Little at- 
tention, however, has been given.to the possibility of protect- 
ing lines against direct lightning stroke. It is unreasonable 
to expect to provide sufficient line insulation to prevent 
such a stroke from going to ground, or sufficiently frequent 
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arresters safely to carry the excessive charge to ground. Why 
not divert such strokes from the lines? Lightning rods on the 
line poles and overhead grounded wires have been of some 
value in preventing damage to lines and poles. Why not go a 
step farther and provide entirely separate paths to ground by 
means of lightning rods mounted on separate poles well above 
and at one side of the line. With this in view, the 50,000-volt 
Taylor's Falls transmission line in Minnesota, in addition to a 
number of other devices, was protected last summer for two 
miles through the most exposed region by poles at the side of 
the line carrving rods 25 ft. above the upper transmission 
wire. 
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Although the storms last summer were unusually few and 
light, the photograph of one direct stroke to earth shows the 
main discharge branching off into many secondary discharges 
like an inverted tree, covering an area of ground of probably 
over a mile in diameter, indicating clearly that the territory 
affected was not restricted to the immediate vicinity of the 
bolt. It is interesting to note that while six transmission line 
poles in different parts of the line were splintered the previous 
summer before any wire was strung, last summer several of the 
lightning-rod poles showed punctured tell-tale papers inserted 
in their ground connections, one puncture indicating a heavy 
discharge to ground, while the line itself, though not in operation, 
did not suffer. 

A. Henry Pikler (by letter): The present paper, it seems to 
me, although its title in general refers to lightning protective 
apparatus, deals in reality with such elements of it as are pro- 
tective not against lightning directly, but rather against its 
secondary effect-—induced high potentials; still more efficiently 
against surges due to short circuits, sudden and great changes 
of the line current. Furthermore, this apparatus 1s suitable to 
protect only particular points of an electric power transmission 
equipment—namelv, those located in the power house or in the 
sub-station and not the transmission line. 

In discussing the devices brought forward in the paper, I 
shall restrict myself to the choke-coil. Of late the choke-coil 
appears to have been much neglected. I have seen large power 
installations in connection with а 35,000-volt, 30-mile transmis- 
sion line, made bv one of the leading manfacturing companies 
of the country, where the choke-coil was omitted. The conse- 
quence was that during lightning storms, or, in the case of grounds, 
sudden changes of loads, short circuits, the ensuing surges 
ruptured the insulation of the main switches in the power house 
and grounded the line, although the lightning-arresters were 
discharging profusely. 

In order to illustrate the powerful protection offered by a few 
turns receiving tremendous shocks directly, I want to mention 
that in the same power plant one of the little synchronizing 
transformers on the auxiliary bus-bars was connected up in 
the wrong way and when two transmission lines were to be 
parallelled, this was done in full oposition of the operating 
generators. А tremendous short circuit and rise of potential 
was the result and almost all the transformers broke down. 
Upon investigation 1t was found that onlv the very first turns 
of the end-coils were punctured through many small holes. It 
will be interesting to note that these end-coils had very heavy 
insulation on them, (also the end-turns were extra heavily 
insulated) sufficient to stand about 100,000 volts (though they 
were not at all intended to be choke-coils), whereas the other 
coils, many in number, were almost bare. These latter were 
entirely uninjured. 
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I was very much surprised to hear Мт. Mershon, the chairman 
of the High-Tension Transmission Committee, recommend the 
use of the first few turns of the transformer as a choke-coil by 
placing extra heavy insu'ation on them, thus saving the expense 
of an extra choke-coil. While theoretically this seems plausible, 
from the practical standpoint I most decidedly disagree with 
him. -The duty of the protective apparatus is to save from 
injury the vital elements of a transmission equipment, even at 
the cost of life of the protective apparatus. This is necessary 
for two reasons: to avoid interruption of the service, and to 
save the more expensive power station equipment from break- 
downs and burn-outs. 

To have the choke-coil form the internal part of the trans- 
former would mean to provoke just this trouble. There exists 
no commercial insulation or method of insulating that would 
save the choke-coil from a flash-over and ensuing burn-out 
between adjacent lavers and turns, if the relation between 
inductance and capacity of coil and the periodicity of the dis- 
turbance is such as to cause resonance. Such and similar 
` disturbances would mean to cut out that transformer and 
cripple the service for some time. Besides this, it means damag- 
ing and repairing a piece of apparatus worth several thousands 
of dollars, whereas if the choke-coil 1s made independent of the 
transformer it means only the damage of the choke-coil, worth 
perhaps a few hundred dollars. 

Furthermore, from the standpoint of the designing engineer 
I do not consider it reasonable to have two pieces of apparatus, 
serving different purposes and involving entirely different 
methods of calculation, design, and. manufacture combined in 
one. Both would suffer in the end, the transformer as well as 
the choke-coil. At the same time Í do believe and strongly 
recommend the insulating of the first few turns next to the line 
with special care and precaution on every piece of apparatus, 
but I would like to sce the choke-coil in series with it. On high- 
voltage induction motors operating at 5,000 volts and above, 
break-downs used to be very frequent, and there seemed to be 
no insulation good enough to resist potential rises due to sudden 
variations in load, etc.; the choke-coil was put in series with 
the terminals, and the trouble was eliminated at once. 

H. W. Buck (by letter): The tendency of this paper and its 
discussion, which 1s common in the treatment of lightning dis- 
turbances, is to regard the problem solelv from the standpoint 
of the mathematical theorv of oscillations. This is undoubtedlv 
wise toa certain extent, but there are very important light- 
ning troubles which lie quite outside the realm of calculation. 
I refer particularly to direct strokes upon a transmission line 
from lightning bolts of great violence. Here the problem 
before the engineer might be considered more one in fortifications 
than in oscillations or surges. There are many discharges 
which take place in thunderstorms between clouds and 


214 LIGHTNING PROTECTIVE APPARATUS |Dec. 28 


earth which apparently are not only of very high potential but 
also of very large current volume. Trees and poles are some- 
times completely shattered by such strokes. The explosive 
violence with which wood-fibre flies to pieces at such times 
seems only explicable on the theorv that there is sufficient 
current to cause either instantaneous evaporization of the juices in 
the wood and consequent expansive force, or clse the immediate 
expansion of the gases held in the pores of the wood. In either 
case the volume of current must be verv large, and the ordinary 
lightning-arrester resistances used for the discharge of transmis- 
sion lines is entirely inadequate. Му feeling is that the electro- 
lytic arrester described in the paper, if selected for the ground 
path of one of the above lightning bolts, would meet much the 
same fate as that of the tree. 

The most promising svstem of protection against direct 
strokes on the line seems to be that of the overhead ground wire, 
or preferablv a grounded network supported on the transmission 
poles or towers above the conductors. Sucha system if properly 
installed and grounded at everv support should afford almost 
complete protection against the striking of transmission conduc- 
tors or insulators. If more than one ground shield wire is 
used, and the two or more wires are connected together electric- 
allv at frequent intervals, a further protection is provided, at 
least part. by this short-circuiting shield against the induced 
disturbances in the conductors from neighboring lightning 
discharges. 

There is another source of disturbance from lightning which 
is not usually referred to in discussions of lightning troubles. 
I have known of a number of instances where direct strokes 
upon objects such as trees immediately adjacent to a line have 
been followed by a simultaneous short-circuit between phases 
on the transmission line at that point. Such action may be 
explained on the theory that the air surrounding the conductors 
becomes ionized and conducting bv the influence of the stroke 
near by. Those who have handled high-voltage switches without 
barriers between them have observed how easily a short-circuit 
is started in a similar way by the influence of a neighboring arc. 
Lightning trouble of this kind cannot be prevented by the 
ordinary type of ground-discharge arrester. 

Deductions as to the suitability of various tvpes of lightning- 
arresters from the experiences of individuals are very misleading. 
One man who has had no lightning trouble during a season attri- 
butes his success to the particular tvpe of arrester he has in- 
stalled in his plant. His success quite possibly might have 
been the same with no arrester at all on his lines. Another 
operator whose arresters have been completely destroyed, 
probablv by some direct stroke on the line, discards the type as 
useless although it may have successfully taken care of all 
ordinarv disturbances. 
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The following article is an ‘‘ Introduction ” to a discussion to 
take place at a meeting of the Institute in the Auditorium of 
the Engineers’ Building, 33 West Thirty-ninth Street, New 
York, Friday, March 22, 1907, at 8 p.m. It is not intended to 
be a formal or complete paper, but to serve merely as a basis 
or framework for discussion on the subject with which it deals. 
All those connected with the Institute and desiring to take 
part in this discussion may do so by being present at the meet- 
ing, or if this is not possible by sending in a written '' Con- 
tribution.” 

In contributing to a discussion, whether verbally or in writing, 
it is requested that the matter under discussion be taken up 
under the several subdivisions and in the order made use of in 
the Introduction, and that following the treatment of these 
subdivisions there be introduced any other matter which the 
contributor may deem advisable. When the contributions are 
made by mail on more than one of the topics under consideration 
at the same meeting, it is requested that the several contributions 
be embodied in separate letters. 

Contributions will be read at the meeting for which they are 
intended either in full, in abstract, or as part of a general state- 
ment giving a summary of views of those taking the same posi- 
tion in the matter under discussion. 

It should be borne in mind that the Introduction is written 
in order to provoke discussion, and that there should be no hesi- 
tancy in attacking if 1t does not agree with the opinions of the 
contributor. On the other hand, if the contributor agrees with 
the matter of the introductions, either in whole or in part, he 
should state the fact. 

It should also be borne in mind that the principal object of 
this scheme 3s to enable and encourage those not in a posi- 
tion to attend meetings to take part in a discussion. If one 
does not feel himself qualified to discuss certain parts of an 
Introduction, but is able to discuss other parts, it is to be hoped 
he will contribute to the latter. 

Contributions to the discussion of this paper should be mailed 
to Ralph D. Mershon, Chairman Transmission Commi.tee, 60 
Wall St., New York, N. Y., so that they will be received not 
later than March 18, 1907. 
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MOTOR-GENERATORS vs. SYNCHRONOUS CON- 
VERTERS 
With SpectaL REFERENCE TO OPERATION ON LONG-DISTANCE 
TRANSMISSION LINES 


BY P. M. LINCOLN 


GENERAL 

The particular problem to be considered in this discussion 
is the following: wanted, direct-current power of approximately 
constant voltage; for instance, for railways 500 to 700 volts, 
for an incandescent lighting system, 100 to 275 volts, for an 
electrolytic process, any direct-current voltage. Given as a 
source of power, a long-distance alternating-current transmis- 
sion system, which may be either 25 or 60 cycles, mav have a 
varying voltage at point of delivery, may have the variation 
occur either on account of the load taken by our particular 
station or independent thereof. and may have a somewhat 
variable frequency. Problem, what shall be used for making 
the desired transformation; synchronous converters? motor- 
generator sets with synchronous motors? or mototr-generator 
sets with induction motors? | 

In this discussion a comparison will be made between these 
methods in regard to the following points, these points being 
placed, in the opinion of the writer, in the order of their rela- 
tive importance. 

1. Reliability. 

2. Voltage regulation. 
3. Corrective effect. 
4. Efficiency. 
5. Cost. 
6. Parallel operation. 
7 
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These points will be taken up in the order named. As a 
matter of simplification, it will be assumed. that the line voltage 
is too high for a revolving machine and must be transformed 
before utilizing. 

1. RELIABILITY. 


In this connection, the term “ reliability " is taken to mean 
simplv freedom from accident, or, in other words, capability 
of performing normal functions continuously without interrup- 
tion. Without this element of reliability, 11 is evident that 
no plan of transformation can be a success. To those charged 
with the responsibility of the operation of such a plant, there 
will be no question but that this feature deserves the first place. 

As to reliability, it is evident that the synchronous converter 
has a very decided advantage in that there is only one machine 
to get out of order, whereas either of the others involves two. 
Further, we are forced to use a low voltage on the synchronous 
converter so that its insulation 1s normally called upon to stand 
а maximum of not more than 700 volts; whereas with the motor- 
generator sets other conditions may dictate a very much higher 
motor voltage, and, therefore, a lower factor of safety in insu- 
lation. Both the synchronous converter and the synchronous 
motor-generator set suffer the disadvantage that a momentary 
removal of the voltage from their terminals—-a short-circuit 
on the transmission line for instance—-will cause them to drop 
out of step and make it necessary to start them over again. 
In this respect the induction motor-generator has an advantage 
in that it will resume operation automatically after such a 
temporary cessation of incoming power. 

As to " bucking,” this is a fault that is more commonly 
attributed to synchronous converters than to direct-current 
generators, but the reason for it 1s that the converter is more 
widely used under conditions that will cause '" bucking " than 
is the direct-current generator. The usual cause of " bucking ” 
is the sudden occurrence and removal of heavy overloads; as, 
for instance, when a circuit-breaker blows. The ideal condi- 
tions for this occur on the average interurban road, where the 
sub-stations are relatively small compared with the maximum 
loads carried. <A direct-current generator of the same size and 
exposed to the same conditions would probably give rise to 
about the same amount of ' bucking.” Exception is made in 
the case of the 60-cycle converter, which is admittedly somewhat 
more sensitive in this respect than the 25-cycle converter, 
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chiefy on account of its necessarily short distance between 
brushes. | 

As a relative comparison of the reliability of the methods 
under consideration in railway work, the following is advanced 
as a personal opinion. The number given indicates the rela- 
tive number of hours that the apparatus would be out of service 
within a given time on account of defects inherent in the ap- 
paratus. 


25-cycle synchronous сопуегїег............... 10 hours. 
Induction motor-generator................... 14 
Synchronous motor-generator.................17 


2. VoLTAGE REGULATION 


4 


The term "' voltage regulation " here will be contined to the 
changes that may take place in the direct-current voltage. 
The term embraces at least three distinct features: 

d. Automatic change in voltage with change in load. 

b. Ability to adjust the initial voltage. 

c. Variations in direct-current voltage with variations in in- 
coming line voltage and frequencv. 

Automatic Change in Voltage with Change їп Load. In this 
respect all methods under discussion are equal. Rising or 
drooping characteristics of an adjustable value can be obtained 
with either the synchronous converter or the direct-current 
generator. The converter suffers the disadvantage that the 
power-factor of the current supplied must vary with varying 
loads, whereas with the motor-generator sets the direct-current 
voltage compounding adjustment is independent of the alter- 
nating-current circuit. This point will be further discussed 
under subsequent headings. 

Ability to Adjust the Initial Voltage. It is in this respect 
that the synchronous converter suffers its greatest handicap. 
In the motor-generator sets the direct-current voltage is abso- 
lutely independent of the incoming alternating-current power. 
With the synchronous converter, on the other hand, the only 
way to adjust the direct-current voltage is to make a pro- 
portionate adjustment of its alternating-current voltage. There 
are several methods of accomplishing this end, which mav prop- 
erly be discussed under this heading. | 

One method is to insert a геасїапсе in the alternating-current 
circuit of the converter. By changing the field strength of the 
converter, adjustments of the voltage applied to the collector 
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rings can be obtained within limits, depending upon the amount 
of reactance and available field adjustment. The disadvantage 
of this scheme is that the alternating-current voltage is thereby 
made interdependent upon the power-factor of the incoming 
alternating-current power, and that the high-tension line voltage 
is dependent upon the direct-current voltage adjustment to an 
extent depending upon the relative reactance in. transmission 
line and in the local converter circuit. 

Another method is to use an alternating-current booster 
having the same number of poles as the converter and mounted 
upon the same shaft. This is approaching motor-generator 
conditions, except that the generator involved has to take care 
of only a small percentage of the output of the set under con- 
sideration, and the range of voltage adjustment instead of being 
from zero to the required amount remains between limits depend- 
ing upon the relative output of converter and booster. This 
really makes a more logical arrangement so far as initial voltage 
adjustment 1s concerned than the motor-generator, since adjust- . 
ment down to zero 1s never required in practice. The maximum 
range of adjustment ever required is the range of incoming 
voltage fluctuations plus the initial range required. 

Still another method is the use of taps on the transformer 
stepping down to the converter, or of an induction or other 
type of alternating-current voltage regulator. These in general 
have the same effect as the booster just described. It 1s outside 
the range of this paper to discuss their relative merits. The 
addition of anv of these means of voltage regulation makes the 
converter equal to the motor-generator set as far as ability to 
adjust initial voltage 1s concerned. 

Variations in Direct-current. Voltage with Variations in In- 
coming Line Voltage and Frequency. The difference between 
the converter and the motor-generator set in this respect con- 
sists in the fact that the converter responds onlv to changes in 
the incoming voltage and the motor-generator only to changes 
in the incoming frequency. This last statement may be modi- 
fied shghtlv by recognizing that the slip of the induction motor 
depends upon the voltage, but the normal variations of voltage 
are so small that this feature can be safely neglected. For a 
given percentage change 1n incoming line voltage, there will be 
an equal percentage change in the direct-current converter 
voltage. For a given percentage change in incoming line fre- 
quency there will be a greater percentage change, nearly double, 
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in the direct-current voltage of a motor-generator set. How- 
ever, changes in incoming line voltage will under normal con- 
ditions be much greater and sharper than those in frequency, 
so that in this respect the converter will probably suffer by 
comparison with the motor-generator. 

There are cases where, on account of voltage regulation, a 
straight synchronous converter would be absolutely unusable 
as, for instance, where a steady direct-current voltage for 
lighting is desired and the voltage of the alternating-current 
supply is varying due to causes other than the direct-current 
load under consideration. 

The conditions which dictate the choice between converters 
and motor-generators with respect to direct-current voltage 
regulation are so variable that no attempt will be made to give 
any estimate of relative merits in numerical values. 


3. CORRECTIVE EFFECT 


By '' corrective effect " is meant in general the results that 
may be obtained in respect to the voltage regulation of a trans- 
mission line by means of a change in the power-factor of the 
current taken. Only the synchronous motor and the synchron- 
ous converter need to be considered, since the power-factor of 
the induction motor is not adjustable. 

It is desirable in any transmission line, 

a. That the voltage shall remain as nearly constant as pos- 
sible independent of the variation of load, and 

b. That the voltage shall be capable of adjustment within 
limits at the will of the operator at any point. 

So far as corrective effect is concerned, the synchronous 
motor has a distinct advantage over the synchronous converter 
in that the corrective effects may be obtained without involving 
the direct-current voltage. In the converter the corrective 
effect and the direct-current voltage are interdependent. On 
the other hand, when a converter is adjusted for a rising direct- 
current voltage characteristic, the tendency is to correct, in 
part at least, for the transmission-line drop caused by its own 
load. Thus it tends to fulfil condition (a) stated above. The 
synchronous motor can be made to fulfil condition (a) to the 
same extent by causing the direct-current generator current to 
flow through series coils on the motor field. 

As to condition (6), both converter and motor field can be 
so adjusted by hand as to accomplish this end, but in the case 
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of the converter not without making a simultaneous adjustment 
in the direct-current voltage. In order to secure the same 
independence of action with converter as with synchronous 
motor, it is necessary to have some means of adjusting the 
converter alternating-current voltage independent of simulta- 
neous power-factor adjustment; as, for instance, the synchron- 
ous booster or voltage regulator described under the previous 
heading. | | 

There is another point of view that should be presented before 
dropping this subject. A sub-station using the apparatus under 
discussion may or may not be under the control of the trans- 
mission-line operator. If it is, then its corrective effect can be 
used as transmission line conditions may dictate. If it is not 
under his control, the possession of corrective effect mav not 
onlv be of no advantage, but also a positive menace to the 
proper voltage regulation of the line. If it 1s not under his 
control, he is probably better off with the induction motor- 
generator set, since it is neutral and possesses no power of 
changing line voltage at the caprice of an uncontrolled indi- 
vidual. 

From the standpoint of corrective effect, therefore, the syn- 
chronous motor-generator has decidedly the advantage over 
the straight. converter while the induction motor-generator 15 
entirely neutral. No attempt will be made to give comparative 
numerical values since this depends, not onlv upon specific 
conditions, but also upon the point of view. 


4. EFFICIENCY 


At the end of a transmission line power is usually sold by 
the kilowatt hour, or some other function that 1s proportional 
to it. The amount of the monthly bill will be proportional to 
the meter-reading, and the efficiency of the transformation 
therefore enters as a direct function in the cost of power. In 
this respect the converter has a decided advantage. It is a 
case of the losses in one machine as against those in two, and, 
moreover, the losses in the converter are somewhat less than 
in either element of the motor-generator set. The full-load 
efhiciency of a converter of, say, 500 kw. capacity, may be put 
approximately at 9565. the synchronous motor-generator set, 
9—0, and the induction motor-generator set, 557. The all- 
dav ећсепсу will be considerably less than the above. Asa 
reasonable estimate of the all-day efficiency under about 7575 
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load, the following is submitted. In submitting these the 
writer has in mind units of 500 kw. capacity or thereabouts: 


25-cycle synchronous converter............. 93% 
Synchronous motor-generator...............85% 
Induction тоќѓог-репегаѓог................. 84% 


The following calculation based on the above is somewhat 
surprising. Assume a station using a 500-kw. unit an average 
of 18 hr. per day at 759, average load. Assuming power to 
cost one cent per kilowatt-hour, the saving in power bill per 
year of converte. over motor-generator is $2100.00. Capitalized 
at 6%, this represents $35,000.00. In other words, one could 
afford to pay $70.00 per kilowatt more for converters than 
for motor-generators. 

5. Cost 


In regard to cost, the synchronous converter has an immense 
advantage. Here again, as in efficiency. it is the cost of one 
machine against two: and the cost of the converter is not far 
different from that of each machine that goes to make up the 
motor-generator. An approximate idea of relative cost is given 
in the following: 


Synchronous converter.................... 60% 
Synchronous motor-generator.............. 100% 
Induction motor-generator........ ын ..100% 


б. PARALLEL OPERATION 


The two points to consider in parallel operation are: 

a. Proper division of direct-current load between units. 

b. Proper operation so far as alternating-current ends are 
concerned, such as freedom from "' hunting," etc. 

As to division of direct-current load, there is no question 
either on direct-current generator or converters. In fact, it is 
perfectly possible by proper adjustment to operate converters 
and motor-generator sets of both kinds all in multiple. 

. As to operation on the alternating-current ends, the induction 
motor-generator is the least liable to trouble, since * hunting " 
or "pumping " cannot take place on that type of machine. 
The synchronous motor and converter are on a par in regard 
to hunting. However, with the modern construction of svn- 
chronous machines, including as they do heavy dampers, there 
is so little probability of hunting that it may be entirely neglected. 
The only places in which hunting is apt to.occur are in cases 
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where antiquated generators are used and where the ohmic 
line drop is very high. Neither of these is apt to occur in 
practice. 

f. STARTING 


In starting the desirable features are: 


a. Minimum draught of current from line of starting from 
alternating-current end. 

b. Ease of synchronizing. 

a. It is difficult to make any of the apparatus under dis- 
cussion of such design that it will start readily from the alter- 
nating-current end. Good running characteristics invariably 
mean poor starting characteristics. The inherent starting char- 
acteristics of the synchronous motor and converter are bad on 
account of the large air-gap. The converter has the advantage 
of only having one-half the mass of the motor-generator to 
start. The induction motor-generator set has the advantage of 
better starting characteristics, but it suffers in comparison with 
the converter in having double the mass. If started from the 
collector rings, the converter suffers by liability of damage to 
commutator by burning and sparking. 'À draught of full-load 
current or less from the line is usually sufficient for starting 
any of the sets. 

If it is essential to keep down starting current, a starting 
motor can be employed. In this case the converter again has 
the advantage of one half the mass as well as one-half the 
losses of the motor-generator set. The same advantage applies 
to starting from the direct-current end, but is partly off set in 
the converter by the shunting effect of the static transformers, 
if these be connected. 

b. In synchronizing, the induction. motor has a great ad- 
vantage in not requiring svnchronizing at all. As between the 
converter and the synchronous motor, the converter suffers 
the disadvantage of having a commutator connected to the 
winding being synchronized, and, therefore, liable to injury 
by careless manipulation. 

Altogether, there is not much choice in the starting qualities 
of the three methods, but what there 1s would cause them to 
be arranged in the following order: 


1. Induction motor-generator. 
2. Synchronous converter. 
3. Synchronous motor-generator. 
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SUMMARY 


On three of the preceding seven counts; namely, 1, 4, and 5, 
the converter has a distinct advantage. 

On one more, 6, all methods are taken as being on a par. 

On the remaining three, 2, 8, and 7, one of the other methods 
has the advantage. In one of these, 7, the disadvantage of 
the converter is not marked. The converter's disadvantage on 
the other two largely disappears with the addition of a means 
of voltage regulation. 

This analysis, therefore, would seem to indicate that there 
are but few cases where the motor-generator should be used 
in preference to the synchronous converter. 


226 
EXPLANATION. 


The following article is an '' Introduction" to a discussion to 
take place at a meeting of the Institute in the Aucitorium of 
the Engineers Building, 33 West Thirty-ninth Street, New 
York, Friday, March 22, 1907, at 8 p.m. It is not in- 
tended to be a formal or complete paper, but to serve merelv 
as a basis or framework for discussion on the subject with 
which it deals. All those connected with the Institute and 
desiring to take part in this discussion may do so by being pres- 
ent at the meeting, or if this is not possible by sending ina writ- 
ten “ Contribution." 

In contributing to a discussion, whether verbally or in writing, 
it is requested that the matter under discussion be taken up under 
the several subdivisions and in the order made use of in the 
Introduction, and that following the treatment of these subdi- 
visions there be introduced any other matter which the contri- 
butor mav deem advisable. When the contributions are made 
by mail on more than one of the topics under consideration at 
the same meeting, it is requested that the several contributions 
be embodied in separate letters. 

Contributions will be read at the meeting for which they are 
intended either in full, in abstract, or as part of a general state- 
ment giving a summary of views of those taking the same posi- 
tion in the matter under discussion. 

It should be borne in mind that the Introduction is written 
in order to provoke discussion, and that there should be no hesi- 
tancy in attacking if it does not agree with the opinions of the 
contributor. On the other hand, if the contributor agrees with 
the matter of the introductions, either in whole or in part, he 
should state the fact. 

It should also be borne in mind that the principal object of 
this scheme is to enable and encourage those not in a posi- 
tion to attend meetings to take part in a discussion. If one 
does nót feel himself qualified to discuss certain parts of an 
Introduction, but is able to discuss other parts, it is to be hoped 
he will contribute to the latter. 

Contributions to the discussion of this paper should be mailed 
to Ralph D. Mershon, Chairman Transmission Committee, 60 
Wall St., New York, N. Y., so that they will be received not 
later than March 18, 1907. 


А Saper to be presented at a special meeting of 
the American Institute of Electrical Engi- 
neers, New York, March 2, 1907. 


Copyright 1907. By A. I. E. E. 


(Swbyect to final revision for the Transactions.) 


INTRODUCTION TO DISCUSSION ON THE PRACTIC- 
ABILITY OF LARGE GENERATORS WOUND FOR 
20,000 VOLTS 


BY B. A. BEHREND 


With the increased capacity of individual units of alternating- 
current generators it is natural that the potential for which 
these generators are wound should be continually increased. 
It commends itself to limit the current capacity of generators, 
as the distribution and conduction of large currents from the 
generators to the switchboards is cumbersome and expensive. 
Historically, the increase 1n voltage with the increased capacity 
of individual units and of power plants may be briefly ѕиш- 
marized. The Niagara generators of approximately 3500 kw. 
capacity, put into operation about ten vears ago, were de- 
signed for 2200 volts. The 3500 kw. generators of the Met- 
ropolitan Street Railway Company, of New York, were designed 
for 6600 volts. The 5000-kw. generators installed in the sta- 
tions of the Interborough Rapid Transit Company, in New 
York, were designed for 11,000 volts. The large generators 
for the Brooklyn Rapid Transit Company, of 7500 kw., were 
designed for 11,000 volts also. 

The question of the importance of higher voltages in future 
plants cannot be discussed without reference to prime movers. 
The four types of prime mover which are likelv to be of great 
importance in the immediate future are: 

1. The hydraulic turbine. 

2. The gas engine. 

3. The reciprocating steam engine. 

4. The steam turbine. 
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l. The field of the hydraulic turbine for large capacities, 
by which I mean capacities of 7500 kw. or above in individual 
units, is not likely to be of great importance at the present. 

2. The gas engine has been successfully built for capacities 
up to 2000 kw. and while it has unquestionablv a great future 
for greater capacities, nothing as yet has been done to allow 
the application of the gas engine in connection with electric 
generators of 7500 kw. or above. 

3. The reciprocating steam engine still holds its own for 
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small capacities, but for the capacities which we are here con- 
sidering it has been superseded by the steam turbine. 

4. The steam turbine in its present condition is pre-eminently 
adapted to large individual capacities. I should consider a 
steam turbine of 7500 kw. a comparatively small unit, and I 
am firmly of the conviction that steam turbines of 10 000 kw. 
or 15,000 kw., and even of 25,000 kw. will, before long, be de- 
veloped and put into successful operation. 

In thus looking to the steam turbine as the prime mover 
for generators of large capacity, we have limited our sphere 
of inquiry to generators of large capacity and high speed; 
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namelv, conditions as best fitted for the operation of steam 
turbines. The question of high voltage in generators of small 
capacity and driven by other prime movers than the steam 
turbine will be referred to in the concluding paragraph. 


STEAM-TURBINE GENERATORS FOR LanRncGE Capacity, 7500 Kw. 
TO 15,000 Kw. AND ABOVE 


The difficulties encountered in winding generators for poten- 
tials of 20,000 volts or 25,000 volts are primarily mechanical 
difficulties. A coil containing a large number of small wires 
does not make a very mechanical piece of work. It would, 
therefore, appear to me desirable for the reasons here mentioned 
and some others, that the individual coils should consist of as 
few conductors as possible and that these conductors should be 
of such size as to enable the making of mechanically and elec- 
trically strong coils. Let us take a concrete example. A cer- 
tain 7500 kw. turbo-generator wound for 11,000 volts and 
operating at 750 rev. per min. at 25 cycles, has six conductors 
per slot. A 7500 kw. generator wound for 22,000 volts, if de- 
signed along similar lines, would have twelve conductors per 
slot. Increasing the capacity of the generator from 7500 kw. 
to 15,000 kw. would enable the generator to be designed with 
six conductors per slot, and the difficulty produced by the 
higher voltage would be that of insulating the coils for the 
higher potential against ground. and against one another. 

The insulation of the coils against ground is easier to obtain 
than against one another. The question of insulating the 
coils from one another is particularly difficult in turbo-generators 
on account of the crammed conditions of the winding space, 
but at the present state of the art it 1s possible to obtain the 
necessary insulation for 22,000 volts, although this can be 
done only with considerable expense. As soon as there will be 
a demand for large units wound for 22,000 volts, this demand 
will be met by machines carefully designed for these conditions. 

The question of reliability of service is closely allied to that 
of quick repairs. It will be urged that not only is the danger 
of the breakdown of a 22,000-volt generator greater than that 
of a 11,000-volt generator, but also the repairs, consequent 
upon a breakdown, will be more difficult to make on the 22.000- 
volt generator. While this statement 1s perfectly true, a plan 
can readily be devised so as completely to defeat this argument. 
In a large power house in which a number of units of large 
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capacity of the steam-turbine type are installed, the only 
rational way to make quick and satisfactory repairs consists 
in the carrying of spare parts. It will commend itself to the 
operators of power stations to carry a spare revolving field for 
one of these units and a complete set of spare armature coils. 
It must be insisted upon that the armature coils of these high- 
potential generators can readily be replaced, and, unless the 
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machines are designed to permit this, it would be necessary 
even to carry a spare stator completely wound, which would 
be almost equivalent to having a spare unit in the power house. 


EcONOMY OBTAINED BY THE USE or GENERATORS WOUND 
DiRECTLY FOR 20,000 VoLts 


The chief gains obtained by winding generators of large ca- 
pacity directly for the high potential required for distribution 
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consist in the simplification of the power plant and, probably, 
in a slightly reduced first cost. The question of reduced cost 
should certainly be considered a very minor factor, as reli- 
ability of service should be the criterion either in favor of, or 
against, the adoption of generators wound directly for high 
potential. Calculations of relative cost are here omitted on 
that account. 
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GENERATORS, REGARDLESS OF SIZE, FOR 20,000 Уо1тѕ 


For the sake of ascertaining the feasibility of insulating coils 
for 25,000 volts, the writer has had in operation a 150-kw. 
generator wound for 25,000 volts, 60 cycles, 600 rev. per min. 
This generator has been in operation for months, operating day - 
and night under full load. Regulation curves and other data 
are illustrated in the accompanying diagrams. There is no 
doubt that there may be a limited field for units of small ca- 
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pacity wound for potentials above 11,000 volts, and the object 
of this paper is to call to the attention of the engineering pro- 
fession the feasibility of generators of as small capacity as 
150 kw., being wound for as high a potential as 25,000 volts. 
That the regulation, the heating, and the efficiency of this ma- 
chine are very satisfactory is amply shown by the curves accom- 
panying this paper. Should such machines be used in the 
future, it must always be insisted upon that the exchange of 
coils can readily be effected. In the 150-kw. generator referred 
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to in this paper, it has so far not been necessary to replace any 
of the coils on account of defective insulation. 


SUMMARY 


Where individual units of verv large capacity are installed 
in power plants, a potential of 20,000 volts is feasible, and it 
is to be recommended in units of 10,000 kw. capacity and above. 

Where individual units of small capacity are needed for a 
potential of 20,000 volts, the conditions can be met in most 
cases, even down to capacities of 150 kw. 
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DISCUSSION ON '" TRANSFORMATION OF ELECTRIC POWER INTO 
99 


LIGHT,” AND ‘‘ NEw Types oF INCANDESCENT LAMPS,” 
New York, NOVEMBER 23, 1906. 


, Wm. J. Hammer: If you go back to the first efforts made 
by inventors in the field of incandescent lighting, you will find 
that they were mainly devoted to metal filaments, metallic 
oxides, and rare earths. Subsequently, the pendulum swung 
in the other direction, and with the development and perfection 
of the carbon-filament lamp, attention was concentrated upon 
that. With the exception of a few inventors, work on the 
metallic filament was at a standstill. Now the pendulum has 
swung to its original position and we are having this remarkable 
development in the metal-filament lamp, which bids fair to 
displace the carbon-filament lamp; but who shall say that 
perhaps later the pendulum will not again swing in the other 
direction? Thus does history repeat itself. 

About ten years ago two patents were issued on molybdenum, 
tungsten and other metals in which a heated “ fillet ’’ of platinum 
or carbon was placed in a receptacle and oxychlorides in the 
form of heavy gases were allowed to descend from the top 
of the containing globe while hydrogen gas, which is very 
light, was allowed to ascend depositing the metal in a pure 
state upon the “fillet ’’ or core. A number of lamps were 
made, some of which are said to have lasted several hundred 
hours. No commercial incandescent lamp was made in this. 
way, for the reason that the experimenter did not have the 
proper “fillet " of platinum, or carbon on which to deposit 
the pure metal. It was impossible to obtain a “fillet” of 
sufficiently attenuated character to give a commercial lamp, 
and in the second place, while some of the lamps lasted several 
hundred hours they soon became black and could not be used 
as illuminating agents. 

Mr. Howell regrets that nothing had been done on this side 
of the water in connection with this new development, and I 
wish to take issue with him. The foreigners have certainly 
been doing some very excellent work, but we have with us 
to-night an American inventor whose work dates back to the 
time when he was a pupil in Philadelphia, and he has ever since 
been working on rare metals and metallic filaments. 

Reference has been made to the work of Professors Waidner 
and Burgess of the Bureau of Standards which appears in the 
Electrical World of November 10, and Dr. Steinmetz speaks of 
the practicability of limiting the temperature of filaments to 
about 1800°, on account of disintegration; but it is interesting 
to call attention to the fact that the Heany tungsten which was 
prepared for the Bureau of Standards in Washington, according 
to the statements in the report referred to, showed the highest 
melting point of anything tested. The temperature. was 3200? 
cent., and this was without any appreciable discoloration of the 
glass globe. 
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Other inventors using the carbon filament (practically the 
“fillet ” already cited) heated it in the presence of oxyhalogen 
compounds, and also in the presence of hydrogen gas, and 
asserted that pure metallic tungsten was deposited upon the 
filament. Those who have had experience with tungsten know 
that it has a great affinity for carbon, and when once united 
with carbon forms a carbide, and the melting point drops below 
that of the tungsten itself, which is a great disadvantage. „ As 
Dr. Sharp says in his paper, that method seems to be a prac- 
tical development of the method shown in patents about ten 
years ago. 
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APPENDIX 
Power-House OUTPUT AND LoAD-FACTOR 


The report of the Interstate Commerce Commission gives 
the total revenue traffic for the entire United States for the 
year ending June 30, 1905, as 1,038,441, 430 train-miles, of which 
459,827,029 is passenger-train mileage, 546,424,405 freight- 
train mileage, and the unclassified balance, 32,189,996, we have 
assumed to be mail- and express-train mileage. Including the 
mail and express trains with the  passenger-train service, 
there is an average of 6.2 passenger and 0.9 freight trains per 
mile of line per day, or approximately 7 trains each way per day. 

Using average weights of equipments, as stated in our paper, 
and average hauls of goods and passengers, and making al- 
lowances for switching, etc., the traffic amounts to 3,000,000 
ton-miles per mile of line per annum, of which 600,000 ton-miles 
are in passenger service and 2,400,000 ton-miles in freight ser- 
vice. In electric operation these figures will be reduced by the 
weight of engine tenders and a part of the weights on pony trucks. 

To supply electric power for the operation of the steam roads, 
we have assumed that power houses would be located at average 
intervals of 300 miles. This requires a transmission of 150 miles 
and for this purpose we have employed in our calculations 
60,000 volts. As stated in our paper, both the distance of trans- 
mission and the voltage employed are within current practice in 
plants now in commercial operation in this country, under con- 
ditions and for purposes identical with those contemplated in our 
paper. 

In our calculations we have assumed that passenger trains 
are geared for a maximum speed of 50 miles per hour and freight 
trains 25 miles per hour,on a tangent and level track. We have 
assumed that the average run of passenger trains is 10 miles 
and freight trains 15 miles between stops. With the gear ratios 
used this gives an average speed of 40.5 and 23 miles per hour, 
respectively. At these speeds the average load on each power 
station supplying 300 miles of line is 1.98 passenger trains and 
3.84 freight trains, an average of 5.82 trains of both kinds. 
With equal intervals between passenger and freight trains, re- 
spectively, the average load on the power house is 2100 kw., the 
load-factor is 0.97 and the maximum momentary peak is esti- 
mated to be 3000 kw. This method of operation is shown in 
Fig. 9. 
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The schedule speeds above mentioned include momentary 
stops only. As trains are now operated, the average passenger 
train, owing to stops and delays of various kinds, does not average 
more than 30 miles an hour, and through and local freight trains 
probably do not average more than 12 milesan hour. In Fig. 10 
we have illustrated the result at the power house if trains are 
operated at these modified average speeds. The average load 
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Fic. 9.—PoweEr-HouseE Loap, MAXIMUM AVERAGE SPEEDS. 


Passenger trains, 226 tons, 40°5 miles per hr. 273 kw. 

Freight trains, 937 tons, 23.0 miles per hr. 351 kw. 
Transmission efficiency 90%. Average trains on section, 5.8. 
Average power house load 2100 kw. Load-factor 0.968. 
Estimated momentary peak 2970 kw., 85% efficiency. 


remains practically the same as before, while the load-factor is 
reduced to 0.82 and the estimated maximum momentary peak 
is increased to 4700 kw. 

Our estimate of the total power-house capacity for all the rail- 
roads of the United States is 2,100,000 kw., which is approxi- 
mately 3,000 kw. for each 300-mile section. This is nearly 50% 
in excess of the average load. The generators proposed for this 
power-house equipment have a momentary overload output of 


1907] ELECTRIC MOTOR vs. STEAM LOCOMOTIVE 237 


100% and can carry an overload of 50% for several hours. It is 
evident, therefore, that the average power plant provided, after 
deducting 20% for reserve, is ample to take care of ordinary 
variations in traffic. | 

It is manifestly impossible for railroads to operate their pas- 
senger and freight trains on equal headway. Some roads as a 
matter of convenience despatch freight trains in '' fleets ", and 
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Fic. 10.—Power-House Loap, MINIMUM AVERAGE SPEEDS. 
Passenger trains, 226 tons, 30 miles per hr. 210 kw. 
Freight trains, 937 tons, 12 miles per hr. 187 kw. 
Transmission efficiency, 90 %. Average trains on section 10.0. 
Average power-house load 2140 kw. Load-factor 0.823. 
Estimated momentary peak 4720 kw. 85% efficiency. 


cattle and some produce trains must arrive at their destinations 
at fixed times of the day. This method of operation is desirable 
and practicable in steam operation and obviously is objectionable 
in electric operation, as power-house capacity must be provided 
for the maximum number of trains on the division. On the other 
hand, on those roads where traffic is most congested, the track 
facilities can best be utilized by equal spacing of trains.. When 
this question becomes important, therefore, the natural tendency 
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is towards an approximately equal distribution. As the gen- 
erators include in our estimates have a continuous overload 
capacity of 25%, 50% for several hours, and 100% momentarily, 
and as we have provided an excess of nearly 50% over average 
demands, the power-house capacity provided appears ample for 
any reasonable variation in the method of operating trains. Inthis 
connection, we wish to call attent:on to the fact that under aver- 
age conditions freight trains require 25 hours to traverse the 
length of line supplied from a single power house; hence if trains 
are despatched in ''fleets" a second fleet will begin to draw 
upon the power house asthe first fleet passes off the power- 
house load remaining practically constant. 


* 
RESISTANCE DUE TO GRADES 


In many cases we have found so far as power house-requirements 
are concerned that the additional resistance, due to grades and 
curves, can be practically neglected in the electric operation of 
trains. Unlike the steam locomotive, the electric motor, under 
certain conditions, operates at higher efficiency on grades and 
curves than when running free on a straight and level track. 
This is due to the fact that the motor and gear ratio are properly 
selected to obtain the highest average efficiency in operation. 
The effect of this selection throws the load in continuous opera- 
tion on level track below the point of maximum efficiency. In 
ascending a grade the speed is reduced, and within reasonable 
limits this reduction implies an increase in motor efficiency. 
Again, the reduction in speed, due to grade, results in a reduction 
in rolling friction and train resistance. These gains are not offset 
in descending grades unless, in addition to gravity, power be 
used to attain a speed exceeding the maximum limit which we have 
assumed, namely, 50 miles an hour in passenger service and 25 
miles an hour in freight service. Theoretically, as long as the 
grade does not introduce a resistance in excess of that of the 
train-friction independent of the grade, the energy expended 
in lifting the train will be recovered in overcoming train-friction 
in going down grade. If the ascending and descending speeds 
are equal the energy consumption will be the same per ton-mile 
as on a straight and level track of the same length. If the as- 
cending speed is reduced, as it is in the case of the series motor, 
the total watt-hour consumption will also be reduced. In Fig. 11 
and Fig. 12 we have plotted the effect of grades upon power 
consumption in both passenger and freight service. In order 
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to keep this discussion distinct from the question of motor and 
transmission efficiencies, we have assumed a motor efficiency 
of 85% in all cases and 90% transmission efficiency. All power 
calculations are carried back to the power house, and that por- 
tion of the recuperated energy which cannot be utilized by the 
train auxiliaries has been returned to the power house at 90% 
efficiency. Extra electric locomotives are added as needed. 
With the train weights employed, it will be noted from an inspec- 
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tion of these curves that the power consumption over grades is 
less than it is over straight and level track in passenger service 
for all grades less than 0.55%, and in freight service less than 
0.356. Comparatively few lines are absolutely level, but on the 
other hand the aggregate mileage on grades exceeding 0.5% is 
relatively small. It is believed, therefore, that the general 
result as to power consumption will be very close to that required 
over straight and level track. Nevertheless, as stated in our 
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paper, we have added to our calculations of energy required 10€; 
in the case of passenger service, and 15% in case of freight ser- 
vice, to cover contingencies, including switching, '' double head- 
ers " and the additional resistance due to grades and curves. 
In some recent calculations in which we went into the subject 
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in great detail the foregoing conclusions were corroborated. In 
one case in express service the detailed calculations of runs over 
the road showed a consumption of power of 53 watt-hours per 
ton-mile, while 52.8 watt-hours per ton-mile was obtained bv 
using an average run on a straight and level track. In the local 
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service over the same line the figures were 54.2 watt-hours in 
the detailed calculations and 86 watt-hours for an average run 
оп a straight andleveltrack. These results were obtained from 
calculations relative to the electrification of the suburban por- 
tion of a steam railroad over 30 miles in length; a large percent- 
age of its tracks being on grades and curves. There were maxi- 
mum grades of 1.47%, 1.556%, and 2.329, and curves of 6° 22" 
and 8° 30'. Numerous other calculations and road tests have 
verified these results. 


RECUPERATION. 


In making our calculations as to power consumption, we have 
made no deduction for the electrical return of power to the line. 
In the case of the higher grades this becomes a matter of 
importance, as shown by Fig. 11 and Fig. 12. Where the 
force of gravity due to grade exceeds the amount that can be 
utilized mechanically in overcoming train-friction, recuperation 
reduces the increase in power consumption due to the grade by 
approximately 605% over a grade of 1.565, so that even in freight 
service over mountain grades the power required will not ex- 
ceed that consumed on a level track by more than from 40°% to 
6005. With recuperation, the power consumption or what is its 
equivalent, the coal consumption, is not doubled until we reach 
grades of over 3% in passenger service and 2€, in freight service. 
These grades are considerably in excess of any used on our trunk- 
line railroads. The ability to recuperate energy is import- 
ant on lines that have heavy grades. In addition to the 
saving in power, the saving in wear and tear from mechani- 
cal breaking is of as great, and perhaps even greater, im- 
portance. The energv represented bv the difference between 
the curves shown on Fig. 11 and Fig. 12 representing the power 
required at the power house with and without recuperation, in- 
creased by the energy losses absorbed bv the motor and trans- 
mission lines, must be absorbed bv the brake-shoes and wheels 
when mechanical braking 1s used. 


— —À 
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DiscussioN ON “Ох THE SUBSTITUTION OF THE ELECTRIC 
MOTOR FOR THE STEAM LocoMoTIVE," AT NEw York, JAN- 
UARY 25, 1907. 


(Subject to final revision for the Transactions.) 


Frank J. Sprague: This paper has evidently been prepared 
with a good deal of care, but in certain essentials I am absolutely 
at variance with some of the conclusions which have been 
expressed. There is so much to be said, and the time is so 
limited, that it would be discourteous to the authors and an 
injustice to myself to attempt to enter into detailed comment, 
so I shall content myself for the present with only a few remarks. 

Briefly, the authors have given an interesting resume of sta- 
tistical information based almost entirely upon direct-current 
operation in this country, with some report of results from 
operation on the three-phase system abroad under conditions 
differing largely from those characterizing American railroads. 
They have generalized the features of operation of the steam 
railroads of the United States, and on that generalization have 
formulated certain conclusions favorable to the adoption of 
electricity. All these should receive careful attention and 
analysis. In addition, they plead for standardization of electric 
apparatus and equipment, and, if I understand correctly, fora 
standard of operation based upon the use of single-phase alter- 
nating-current motors operated at 11,000 volts and 15 cycles 
from an overhead trolley. 

Their attitude, as expressed in their paper, is emphasized 
by these two statements: 


The distributing system for altenating-current equipment, which is 
the only class of equipment deserving serious consideration in connection 
with the general problem which we are discussing, comprises an addition 
to permanent way equipment in the form of overhead construction, and 
electric conductors conveying power from the power house to the trolley 
or conductor which is carried above the track. 

The advantage in favor of electric operation is of course more marked 
if we assume that alternating-current equipment is to be used, as in 
general would be the case in the electritication of trunk lines or long 
divisions. 

These are certainly positive affirmations, and if sound would 
perhaps warrantthatspirit of enthusiastic and inquiring prophecy 
in which the sound basic principles which have made electric 
traction successful are coupled with various unscientific and 
quickly discarded proposals, and lightly brushed aside with the 
query : 

Where, ten vears from to-day, will be the 1200-volt or 1500-volt direct- 
current systems which have been suggested as substitutes for high- 
potential altenating-current systems in heavy electric traction? 

I think I see my initials under these specific voltages; and it is 
right here that I beg to differ from the conclusions expressed 
by the authors, and venture to correct them. The higher- 
potential direct-current systems will still be here, just as we have 
the lower voltages of the past 19 vears, no matter what other 
developments may take place. 
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І have been guilty, gentlemen, of some '' fads and fancies ' 
while a member of this Institute for a time covering the entire 
practical development of the electric railway, in which I have 
played some material part; they have been translated into 
facts. І have ventured a few prophecies; they are now a part 
of history. 

Operation at 1200 to 1500 volts by direct current has not 
been advanced by me as a "' substitute " for high-pressure 
alternating currents for heavy electric traction, or as the only 
means available for this purpose; it has been advocated as one 
practical development along existing lines which under many 
conditions, and with the present development of the 25-cycle 
alternating-current motor, offered some possibilities of railroad 
operation denied to the latter. 

I prefer to define my own position rather than to have it 
determined for me by others. I do not profess to know what 
the ultimate developments in this art are going to be, nor will I 
enter into any rivalry in predicting that a specific type of 
equipment must be universally adopted, for I feel sure that the 
selection of a system by any road must be largely individual, 
and determined by its own necessities. 

There will be opportunities for alternating-current equipment, 
and there are many hopeful alternating-current possibilities, 
but surely these are not the only practicable methods worthy 
of serious consideration by such trunk-line divisions as may 
reasonably consider the possibilities of electric operation to- 
day. | 

As useful as a mass of statistics may be, I do not think it 
necessary, to come to specific conclusions in the matter of 
electric railway equipment, to generalize all the railroads of the 
United States. There are a lot of them in the hands of receivers, 
and some of the others ought to be. They could not be taken 
out of their hands if they were electrified, and could not raise 
the money to be electrified if they wanted to. I prefer to deal 
with the living, immediate questions. There will in the near 
future be three great trunk-line railroads terminating in New 
York City, to say nothing of those terminating in Jersey City 
and elsewhere, on which the question of electric operation is 
assuming special importance. One of them is proceeding along 
certain lines, another by somewhat different methods. There 
has been considerable discussion as to the wisdom of both. I 
have been guilty of some of the development on опе, and I am 
not ashamed of it. I have somewhat frankly criticized some 
matters connected with the other, and I have no apologies to 
offer on that account. But leaving these two roads out of 
consideration, do we need to look further for a typical trunk-line 
division than to the third road, the Pennsylvania, from here 
to Philadelphia? An engine run, and none more typical. I 
am going to venture, not a prophecy, but a statement. If that 
line were called upon to be electrified to-day—and it can very 
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properly and seriously consider it—it would not, in my present 
judgment, be best done by a single-phase overhead trolley alternat- 
ing-current equipment, whether 25 cycles, 15 cycles, or 1 cycle. 
There would be a variable half cycle, and it would be the length 
of time between controller operations. And on many other 
lines which can properly consider electrification, the higher 
voltage direct-current system, according to any present develop- 
ment, will give better results than the alternating-current 
overhead system. 

These conclusions are based in part upon a four months' 
study and analysis of one of the most difficult railroad problems 
in this country. Had I not been closely occupied in trying to 
complete that particular investigation, I should be in a better 
position more fully to discuss the paper of the evening. I hope, 
however, in the comparatively near future to present to this 
Institute, of which I have had the honor to be a President, a 
few comparative statements on the subject of direct-current 
and alternating-current operation, and I will reserve until that 
time most of what I have to say. 

B.G.Lamme: As the time is limitcd,.1 shall confine myself 
to the question of frequency alone. It may be of interest to 
consider the changes 1n frequency from the earliest time to the 
present, and see what Mr. Stillwell has had to do with such 
changes. Back in theearly times of alternating-current, work, 
133 cycles per second was the common frequency. About 1889 
or 1890, Mr. Stillwell, in going over the problem, saw that the 
larger work which was coming called for a lower frequency, and 
he was one of the strongest advocates in adopting 60 cycles as 
against 133. <A few years later, in connection with the Niagara 
Falls first large generating station, the question of a still lower 
frequency came in, and Mr. Stillwell practically made the 
decision in favor of 25 cycles. At that time it was considered 
that the development of street railway work, and the use of 
synchronous converters in such work, was such that it was 
more economical to use the lower frequency. He now comes 
forward with 15 cycles for heavy railway work on the basis 
that the field is going to be large enough to call for a new and 
more suitable frequency. 

It seems to me also, considering the total amount in- 
volved in the electrification of the railroads of this coun- 
trv, about $1,500,000,000, that the problem is big enough 
to call for a frequency which is best suited for the work. The 
question is whether that should be 25 cycles or something 
lower. Over four years ago I presented a paper before this 
Institute, in which I described the Washington, Baltimore and 
Annapolis single- psoas railway, and the frequency given was 
10$ cycles, a ratio of 2 to 3 to the standard frequency of 25. 
There were certain reasons for adopting that particular frequency. 
although 10 per cent. higher or lower would not have been of 
very great importance as far as the operation of the apparatus 
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was concerned. It was found at the time that there was consider- 
able opposition to the use of lower frequencv, principally because 
most of the projects presented involved existing power plants, 
or it was necessary to tie the new plant to existing power 
plants. The projects were also relatively small. Because of 
commerical conditions, we were practically forced to begin at 
25 cycles. However, I still advocated the use of lower frequency 
when it came to heavier work, as will be found 1n my discussion 
of single-phase railway apparatus at the Institute meeting at 
St. Louis Exposition in September 1904. At that time I said 
that I considered the heavy railwav electrification of sufficient 
importance to warrant the use of a low frequency which is most 
suitable for such work, independently of any frequencies already 
in use. 1 still hold to that opinion. 

The strongest reason which can be given for the lower fre- 
quency is the greater output that can be got from a given 
motor. For instance, with a first-class motor, built for 25 
cvcles, the operation may be above question, the machine may 
be considered perfect in every wav; but take that same machine 
and operate it on 15 cycles, and the induction can be raised 
from 25 to 40 per cent., which means that 25 to 40 per cent. 
higher voltage can be applied with the same motor-speed, and 
25 to 40 per cent. greater output is obtained from the same 
motor, or 25 to 40 per cent. greater tractive etfort can be de- 
veloped. That in itself is a controlling feature in the question. 
We have verified it by actual test. For instance, we have 
taken a 100-h.p., 25-cycle motor, and obtained from it 125 h.p. 
at 15 cycles. This motor has good efficiency, good power-factor, 
and good commutation on both frequencies, at the above 
ratings. It is therefore not a question whether the 25-cycle 
motor will work, for it will work successtully, but it is a question - 
how much more can be got out of it by going to the lower fre- 
quency. It may be questioned that if 15 cycles is better than 
25 cycles, why is not a still lower frequency recommended? 
The answer is that at 15 cycles the machine is practically sat- 
urated, which fixes the output. At still lower frequency 
there would be a gain in efficiency and power-factor, but not 
much in output; and there would be loss in other things, such 
as the speed of turbo-generators and weight of transformers. 
So there is some point at which a compromise can be made; and it 
is my opinion, and has been for a long time, that this compromise 
is considerably below 25 cycles and should be about 15 cycles. 

The increased output to be got from a motor at the lower 
frequency is of advantage principally in getting a smaller number 
of motors under a locomotive or car, which directly decreases 
the cost: or, on a locomotive, keeping the same number of 
motors, there is obtained a bigger output for a given weight 
of locomotive. But there are some cases where not much is 
gained by the use of lower frequency; for instance, where it is 
necessary to operate alternating current-direct current requiring 
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four motors in order to obtain se-ies-parallel control. In 
most cases we do not get the full gain from the use of 15 cycles 
for we can not reduce the number of motors. That is one of 
the conditions met in the New Haven railway equipment, for 
the direct-current operation on the New York end requires the 
use of four motors. There are many cases where the power is 
purchased in which it is necessary to use the higher frequency. 
Of course, the results are obtained at a somewhat lesser capacity 
or at increased cost. 

There is one point Mr. Stllwell has not touched on, and 
that ıs the fact that the s'ngle-phase series motor can be made 
to operate on both 15 and 25 cycles; for instance, a 25-cycle 
motor will operate beautifully at 15 cycles and at practically the 
same speed, because the speed has nothing to do with the 
frequencv. А 15-cycle motor, if well designed, will operate 
on 25 cycles fairly well, at its nominal capacity; at a slightly 
reduced capacity it will operate verv well,so that if a locomotive 
should be equipped with transformers suitable for operating at 
15 cycles, for instance, it could operate on both 25 or 15 
cycles. By taking a 25-cycle equipment, nominally designed 
for 25 cycles, and putting a 15-cycle transformer on it, the 
equipment is adapted for operation on both 25 and 15 cycles. - 
That is important in connection with the fact that 25 cycles 
will have to be used in a certain number of cases, but in other 
cases where the generating conditions can be made suitable, 
15 cycles will work to better advantage. 

Mr. Stillwell speaks of some of the advantages of the higher 
frequency, one of which is the better ratio of tractive effort to 
weight on drivers. We have been making tests at East Pittsburg 
on some electrical locomotives, at both 15 and 25 cycles, and it 
is very difficult to determine any difference in the ratio of 
tractive effort to the weight on the drivers. In some cases the 
tests are possibly in favor of 15 cycles, in others in favor of 25 
cycles; and the difference is probably no more than would be 
found in making two consecutive tests at any one frequency. If 
the motors are spring-connected,or have some flexibility between 
the armature and the driver, which is true in most cases, especially 
where thev are geared, the difference in the tendency to slip 
practically disappears. 

In discussing this question of 15 cycles, we are asked— where 
ishtin use? I will call attention to the fact that quite a number 
of European companies have adopted 15 cycles for railway 
work. The Valtellina, plant put in by the Ganz Company, 
with three-phase motors, uses 15 cycles; and I feel safe 1n saying 
that a great deal of the success and good operation of that 
plant is due to the choice of this frequency. I think they could 
have made the apparatus a success with 25 cycles, but it would 
have required much heavier equipment, and with poorer efficiency 
and power-factor, especially at low speeds. The manufacturers 
recognized that 15 cvcles gave better conditions with the poly- 
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phase motors, and adopted it regardless of the fact that that 
was not a standard frequency in Europe. That system is being 
extended on the Italian roads. 

The Oerlikon Company. of Switzerland, has gone into the 
single-phase work extensivelv, with 15 cycles as a standard. 
The Siemens-Schuckert Company, of Germany, is also manufac- 
turing series railway motors for 15 cycles. The Allgemeine 
Company, of Berlin, is the principal company which is adhering 
to 25 cycles, and that is largely due to their type of motor. 
They have a so-called ‘‘ series repulsion " motor, in which the 
characteristics of the motor apparently show to better advantage 
if the frequency is not too low. It is not directly due to the 
high frequency that thev get better results, but to the fact that 
the motor should preferablv run below the nominal synchronous 
speed, and this condition is obtained to better advantage by 
keeping up the frequency. 

Bion J. Arnold: On the morning of December 18, 1903, 
when I arrived in New York from Pittsburg, where I had been 
examining Mr. Lamme's new single-phase motor and compli- 
menting him on its work, I received a telegram saying that the 
single-phase locomotive which I had been developing for 
three years past, and which was at that time ready to make its 
trial run, had been destroyed by fire. While experimental 
runs had been made some months before with a rather crude 
machine, I had everything arranged to make the trial run on 
the first day of January, 1904, with a new electropneumatic 
motor which I had developed, and by means of which I expected 
to demonstrate a single-phase railway in operation. I did not 
then discover, nor have I yet discovered, the cause of the fire, 
but it burned up the machine. I felt that unless the machine 
were rebuilt and an attempt made to operate it, I might be 
misunderstood by those not familiar with the circumstances. 
I therefore rebuilt the machine and operated it on August 3, 
1904, in time to antedate my competitor in this country by 
some days. That experiment cost me about $50,000, but 
thanks to good fortune it cost no other man a dollar. 

I believe that by this experiment I was instrumental in 
advancing the state of the art to such an extent that to-day 
two or three of our large railroads are being equipped with the 
single-phase system, invented by others, to be sure, but I be- 
lieve forwarded by my efforts of some four or five years ago. 
If my efforts have done that, and I have been instrumental in 
advancing the art, I am glad I spent the money, as I could not 
have spent it in any better cause. 

I shall not attempt to go into a detailed analysis of the various 
systems which are involved 1n the paper, because I think each 
svstem has its able champions. It makes no great difference 
to me personally which system wins, so long as we get a system 
of electric railroading in this country that will operate the 
trains for less than it now costs to operate them by steam. I 
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had that 1dea 1n mind in starting out on the single-phase experi- 
ment, because in 1898 I was engaged in building the Chicago 
and Milwaukee electric railway, which I believe is considered 
the pioneer synchronous converter sub-station railroad in the 
country, possiblv 1n the world; at any rate, the first to be driven 
by a steam station. I took much risk in that undertaking, 
risking my personal reputation and my financial resources, in 
order to demonstrate the success of that enterprise. It was a 
success, and:as you know most of the suburban roads have 
since been built on those lines. 

I make no claim for the invention of many of the devices 
which entered into the systems. They were invented by some 
of the gentlemen here present, and by others. and some had 
just begun to come into commercial use; namelv the syn- 
chronous converter, which made the system possible; but I 
took the risk of putting into practice such a system, took the 
engineering and financial responsibilities, of making it ро. It 
went. When engaged in that work I felt that that svstem was 
not the complete solution of the electric railwav problem, 
because the introduction of the synchronous converter sub- 
station necessitated men in the sub-stations, and necessitated 
more investment than I thought the railroad systems of the 
country could stand. if they were to be attracted to electrical 
operation. That started me on the single-phase idea, and as 
many of you will recollect, we had various discussions on the 
subject, and it was stated by some of those here present who 
are now advocating the system, that it could not be done. I 
maintained it could be done, and had to be done, and it cost 
me much to find that out. It has been done since by at least 
two companies in this country, and two or three abroad and 
seems to be coming quite rapidlv into practice for steam railroad 
work. 

I do not agree entirely with the authors in regard to standard- 
izing this apparatus, as this would shut out the utilization of 
the talent of the members of this Institute and other societies 
in this country,and other countries, and the prospect of develop- 
ing something that mav prove better than anything we have 
now. lam willing to'concede, if we are going to use alternating- 
current railway svstems, that we should adopt a standard 
frequency. So far as mv investigation has gone, in conjunction 
with Mr. Stillwell as a member of the electric traction commission 
of the Erie railroad, my leaning is toward the 15-cycle frequency. 
Although I do not want definitely to stand on that conclusion 
now, I think it is the frequency we will come to on account of 
the fact that to get the requisite amount of capacity between 
the wheels of a railroad-car truck, the gauge being limited, it 1s 
necessary to get as much power in the space as possible. This 
can be done by adopting 15-cycle motors, as these motors are 
more powerful than 25-cycle motors of equal size. It makes 
the total weight of the locomotive or car practically the same 
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as at 25 cycles, as it increases the size of the transformer. Even 
then we do not get as much power on the wheels with the alternat- 
ing-current motor as with the direct-current motor. 

I personally believe that some form of high-potential over- 
head conductor is going to be the final solution of the railroad 
electrification problem. I believe in the third-rail, where it is 
applicable, but I do not believe there are many places where it 
is applicable; in other words, I think that legislation in this 
country will prohibit the use of the third-rail in exposed places. 
There are certain types of third-rail which have recently been 
adopted, which I believe are safer than previous third-rails; 
I refer to the rail that was devised by Messrs. Wilgus and Sprague 
and used in the New York Central installation—but I do not 
think that the use of the third-rail in vards, and under the feet 
of men, and 1n other exposed places, will be accepted as the final 
solution of the problem. In the analysis of the Grand Trunk 
problem, which I have in charge so far as the engineering 
decisions are concerned, I chose the alternating-current system, 
overhead conductor, for tunnel work principallv, for the reason 
that in the large yards at each end of the tunnel, where much 
switching is done, it seemed essential that the conductor be 
kept from under the feet of the men. The decision to use the 
single-phase motor was made some five months prior to the 
decision by the officials of the New Haven Companv to adopt 
the alternating-current svstem on their road. The officials of 
the Grand Trunk did not publish their decision, as certain mat- 
ters had to go abroad for approval by the English officials before 
the matter could be publicly announced. but there are men in 
this room who know that the decision was made at that time. 

W. B. Potter: Iheartilv endorse the recommendation of the 
authors of this paper as to the desirability of making an effort 
toward standardizing the essential principles which are 
involved in the determination of electric railroad problems. 
To this general proposition may well be added the plea for a. 
uniformity of dimension for such parts of the equipment or 
general system as might reasonably be made interchangeable. 

Considering the matter of standardization in its broader 
aspect, there does not appear to be any one gencral system of 
electrification, in the present state of the art, which engineers 
would be willing or ought to accept as the standard. For the 
ordinary city or interurban trolley lines, 600 volts direct current 
1s to-day recognized as a standard. For other classes of work, 
particularly over long-distance lines with relatively infrequent 
headway, both the single-phase alternating and the high-voltage 
direct-current systems possess advantages. The fundamental 
reasons, however, which have lead to the consideration of a 
higher voltage trolley may also apply to limit the application of 
the high-voltage trolley under conditions which can be more 
economically met by 600-volt apparatus. However much we 
may desire to limit the number of standard systems we must 
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still recognize that the element of cost, considered broadly, is 
often the determining factor to be reckoned with. A railroad 
company could hardly be expected to consider favorably any 
particular system simply because of general reasons, if the 
installation of this system involved anv considerable additional 
expenditure on their part. 

The matter under discussion this evening, however, relates 
more particularly to the consideration of the single-phase 
alternating system than a discussion of the general subject. 
Of all the apparatus used 1n the electrification of a railroad, the 
motor is in particular that part of the equipment which is 
limited in dimension by the height of the car-body, the clearance 
over the rails, the width between wheels, and the wheel-base 
of the trucks. By reason of these limitations, and considering 
further the proportion of cost which the motors bear to the 
general expense of electrification, any condition which diminishes 
the capacity of a motor of given size may very well become 
subordinate to the motors themselves. 

The output of a single-phase motor, particularly its tractive 
power in the larger sizes, may be limited by the permissible 
commutation, and as commutation is improved with reduced 
frequency the suggestion of 15 cycles instead of 25 cvcles is 
worthy of serious consideration. The field of application for 
the single-phase motor, particularly in the larger sizes which 
are required for locomotives and heavy railroad operation, 
will unquestionably be greater if the motors are operated at a 
lower frequency than 25 cycles. 

Compared with a direct-current motor, a 25-cycle motor of 
corresponding service capacity would weigh approximately 
29° more; while at 15 cycles, the single-phase motor would 
weigh probably not more than 10° % in excess of the direct- 
current motor. The efficiency and power-factor of the single- 
phase motor on either 25 or 15 cycles would be approximately 
the same. While the motors and the reactance of line and 
track are benefited by a lower frequency, there is the increased 
cost of the generators and transformers to be taken into account. 

Messrs. Stillwell and Lamme have both spoken of the effect 
of a lower frequency upon the maximum available tractive 
effort. You wil appreciate that owing to the characteristics 
of an alternating current, the average tractive effort of the 
single-phase motor is approximately 5055 of the maximum at 
the top of the current wave, and with a motor rigidly mounted 
the wheels would begin to slip at about one half the tractive 
effort which would be given by a direct-current motor under 
the same conditions of track and weight on drivers. With 
the motor mounted on springs in the usual manner, there is 
introduced some degree of flexibility, and the impulse due to 
the top of the wave 1s absorbed by the springs so that the average 
torque is considerably higher than the theoretical 509%. 
Under similar conditions of track. with equal weight on drivers 
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and the same method of mounting, tests have been made which 
indicate that in comparison with the same motor on direct 
current, the maximum available tractive effort at 25 cycles is 
from 80% to 90%, and on 15 cycles from 70% to 80%. The 
maximum available tractive effort is not generally important 
except in locomotive operation where the maximum diaw-bar 
pull is in a sense the measure of the locomotive's value for 
starting a train, and during acceleration. On motor cars there 
is usually an excess of weight on the drivers over that required 
for acceleration, so that the maximum tractive effort is a matter 
of less importance. 

It is, incidentally, an interesting fact that after the wheels 
have commenced slipping the direct-current motor shows a 
much greater reduction in tractive effort than the single-phase 
motor. The torque being maintained uniformly with a direct- 
current motor, the wheels rotate rapidlv, reducing the coefficient 
of friction with the rail to something like 20€, or 30% of the 
maximum ‘adhesion. With the alternating-current motor, 
both on 25 and 15 cycles, although the initial slip is at a lower 
maximum, the draw-bar pull is only reduced to 80° ог 90% 
of the maximum adhesion. This appears to be due to the 
fluctuating character of the torque, which at its minimum allows 
the wheel to secure a slight grip on the rail after the wheel begins 
to slip. When the wheel is slipping its rotation is not uniform 
but fluctuates, corresponding with the frequency. While of 
interest, this higher tractive effort, after the wheels commence 
to slip, is of little practical value. . 

Mr. Sprague has referred to higher voltage рыс тат 
motors. With respect to motors suitable for operation on 
higher voltage direct current and also on 600 volts, I would 
mention the marked improvement in the motor that has been 
obtained by the addition of a commutating pole. As an illustra- 
tion, a motor having commutating poles and designed for opera- 
tion on 600 volts, can be run at full load on 1000 volts so far as 
commutation is concerned, and further, such a motor, when the 
current is momentarily interrupted or ere is a momentary 
rise in voltage, will not flash over, as sometimes happens with 
motors not having commutating poles. A commutating-pole 
motor designed for 1200 volts and operated at that potential 
would be superior to the ordinary 600-volt motor, both with 
respect to commutation and liability to flash over. I feel 
that the addition of the commutating pole to the direct-current 
railway motor, in its effect on commutation, 1s comparable to 
the improvement made by the substitution of the carbon 
brush in place of the copper brush. The carbon brush reduced 
the sparking and flashing to a permissible degree, and the 
commutating pole by neutralizing the cause has finally eliminated 
defective commutation. 

A word with regard to the much maligned third-rail. I 
feel that there is much to be said in its favor. We have not 


252 ELECTRIC MOTOR vs. STEAM LOCOMOTIVE (ап. 25 


as yet had an equal opportunity to pass judgment on the heavv 
overhead construction, and I would suggest that we await 
developments before expressing our opinion too positivelv 
with regard to either system of conductors. Both the third- 
rail and the overhead conductor have a proper field in heavy 
railroad application; they should be so regarded, and neither 
of them condemned in the light of our present knowledge. 

W.S. Murray: During the year and a half that I have been 
associated with the New Haven road I have been able to make 
some rather interesting experiments with steam locomotives, 
of the freight and passenger types. I thought they might be 
of interest, particularly in view of Mr. Stillwell's reference to 
Item 12 of the paper, which relates to ‘‘ Repairs and Renewals 
of Locomotives.” І understand that this item, for the Valtellina 
line, represents a figure of 1.8 cents per locomotive-mile. That 
is a figure I have been very anxious, indeed, to obtain. I have 
here some accurate figures on the cost of steam locomotive 
repairs extending over a period of exactly one year, in which 
ten freight and ten passenger engines were involved. I think 
vou will all be surprised to note what these figures are. Ihave 
divided the cost of repairs into two parts; one on the basis of 
maintenance, the other for purely mechanical or shop repairs, 
each including labor and material. I have included in the 
maintenance the following heads: Cost of oil and waste, flues 
cleaned, ash-pan and grates cleaned, engines wiped, engines 
turned, engines fired, boilers washed, and the cost of sand. 
Of course, some of these figures will be matched in electric 
operation, but to get the actual figure I have included them all. 

The record is as follows: 

For passenger locomotives: maintenance $0.0172; shop re- 
pairs $0.0388; total repairs per locomotive-mile $0.056. 

For freight locomotives: maintenance $0.0142; shop repairs 
$0.0668; total repairs per locomotive-mile $0.081. I believe 
that these figures give a definite idea of the saving to be 
effected by the electric method of train propulsion. 

I think the most “ateresting featuie of the paper is in regard 
to the matter of standardization. I hardly think the Interstate 
Commerce Commission reports are a fair basis to be a determining 
factor in the establishment of a standard frequency. The 
Interstate Commerce Commission report includes all the trans- 
continental lines, and there 1s no doubt that those lines which 
have been unassailed yet by electricity could be electrified a 
great deal cheaper with low-frequency than with high-frequency 
apparatus, but I do not think that this fact should influence us. 
I think it is a misleading factor. We must not forget that the 
electrification of steam railways we are going to consider for 
the present are to be intimately connected with 25-cycle plants 
now in operation. It is possible that all of us may see a trans- 
continental road electrified. but I do not think that that ought 
to influence us in the determination of a standard frequency. 
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What “ may be ” should not decide this question but “© what is.” 
I think we should remember the fixed charges associated with 
25-cycle plants that have not been taken into account in this 
report, and that the new frequencv universally applied would 
make it necessary to re-equip all these plants operated upon 
what may now be termed a standard frequencv ; namelv, 25 cycles. 

I believe that for power transmission purposes we will all 
agree that 25 cvcles has nearly occupied the position of a 
standard frequency. Now then, the fixed charges of the pro- 
perties operated upon a 25-cycle frequency can later be taken 
care of by a properly provided depreciation figure or sinking- 
fund, and at the expiration of the depreciation periods we can 
avail ourselves of the greater data to decide which should be 
the standard frequency. The gradual interchange of the two 
frequencies can then be effected without hindrance to operation. 

I have not time here to go into the details of this change, but 
I am sure all of us are agreed that this can be done. Iam in 
favor of having more data and in letting the future considera- 
tion of the new data, in connection with the old, decide the 
proper standard frequency 

O. S. Lyford Jr.: This paper is a prophecy. It is interesting 
to note that the fulfilment of the prophecy has alreadv begun 
One of the oldest railroads 1n the country has proved itself the 
most progressive and has during this present week put into 
commercial service an electric traction system which embodies 
most of the features which the authors have assumed as probable 
characteristics of the standard of the future. Two other roads re- 
ferred to inthe paper have made astart in the direction proposed, 
but the Erie was the first to arrive. On January 22 the Erie 
Railroad ran its first electric train into Rochester. 

The essential features of the Erie equipment are as follows: 

Single-phase railway motors. 

Multiple-unit control. 

Pantagraph trolley. 

Trolley wire supported with steel catenarv construction at a 
height of 22 feet, except under bridges. 

Trolley voltage. 11,000. 

One sub-station feeding 34 miles of track. 

Power received from a power station 90 miles awav over a 
60,000-volt transmission line. 

The conditions are in many ways almost identical with the 
assumptions made by the authors. 

I may say that the operation of the entire equipment was 
perfect and fully demonstrated the sufhciency and general 
practicability of the system. On the return trip the Vice- 
president's private car was hauled as a trailer, resulting in a 
total weight of train 22 per cent. heavier than that for which 
the motors were designed. This was on icy, slippery rails. 

The impression given by the overhead catenary construction 
is that it is the adequate thing for heavy railroading. An 
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11,000-volt trollev wire so supported is a safe proposition. 
The 11,000-volt wires on the car are so short and so well guarded 
that they are not a source of increased danger, and all the other 
wires, housed in the usual way, and operated at onlv one-half 
the usual voltage, are unusually safe. 

The system in this case is necessarily operated at 25 cycles, 
as the power comes from one of the Niagara Falls plants, which 
are all built for 25 cycles. The advantage of the lower frequency 
is apparent, however, Trucks of unusual size are entirely 
filled with 100-h.p. motors. At 15 cycles, motors of 150 h.p. 
capacity could be used on the same trucks. 

Referring to that part of the paper which relates to compara- 
tive costs of operation, more emphasis should be placed on 
the tabular matter and the deductions made therefrom. The 
one question is: can steam railroads be operated more economi- 
cally by electricitv? The three items which I presume will 
be most questioned are Items 12, " Repairs and Renewals of 
Locomotives;" Item 21, " Engine and Roundhouse Men;" and 
Item 22, ‘‘ Fuel for Locomotives,” or, in the case of the electric 
work, the cost of power delivered to the locomotive. І do not 
propose to discuss these different items in detail, but I would 
like to point out the fact that thev might even be doubled, and 
still the electrical operation would not cost more than steam. 
Those of us who have had occasion to study different specific 
problems have found that the adoption of electric traction, 
particularly if a high-voltage trolley 1s used, will not mean an 
operating cost greater than the cost of steam, and in many 
cases the saving is considerable. In other words, specific cases 
which have been investigated, as well as this study of the 
problem as a whole, show that clectric traction 1s commercially 
practicable for such lines as can provide for the initial invest- 
ment. Furthermore, the advantages to be gained by electric 
traction, due to increased facilitv of operation and increased 
loads which can be carried, have not been capitalized in this 
paper. 

The trunk lines of the country are confronted with the prob- 
lem of more capacitv, as has recently been strongly emphasized 
by Mr. J. J. Hill. There is no doubt but that more traffic can 
be handled with electric than with steam locomotives, and, at 
equal cost per locomotive-mile electric traction can Бе . adopted 
to great advantage by the railroads of this country. On such 
an occasion as this we should place emphasis on this one 1m- 
portant fact and not get into too much discussion of details. 

C. L. de Muralt: Mr. Stillwell and Mr. Putnam have covered 
the questions of comparative energy consumption and compara- 
tive operating costs so ably and so fully that there 1s not much 
room left for discussion on these points. But on the subject of 
comparative speed and power characteristics of the various 
tvpes of locomotives I believe I am in a position to add a few 
figures which mav be of some interest to vou. I have had 
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occasion to make an investigation into the hauling capacities 
of certain locomotives when operating under heavy load con- 
ditions. The diagrams compiled during this investigation 
showed so strikingly the superiority of the electric locomotives 
over their steam competitors, and, incidentally, also the great 
superiority of the three-phase aternating-current locomotives 
over any other type of electric locomotive, that I thought it 
worth while to elaborate the results soimewhat to present them 
for your consideration, 

To make the comparison as broad as possible I have taken 
what I thought to be the most representative locomotives of 
their respective classes: the latest direct-current locomotives of 
the New York Central and Hudson River Railroad, the single-phase 
alternating-current locomotive of the New York, New Haven 
and Hartford Railroad, and a European three-phase alternating- 
current locomotive of the type used by the Italian State Railways. 
And with these I have compared a Pacific, an Atlantic, and a 
Consolidation type steam locomotive of recent American Loco- 
motive Company's design—all the steam locomotives being 
chosen with reference to possessing the greatest possible power; 
that is, the greatest feasible heating surface, consistent with 
their weight on drivers. 

Detailed descriptions of the mechanical and electrical features 
of the New York Central direct-current locomotive have ap- 
peared in the technical press. So I will simply repeat here 
some characteristic figures required for the comparison: 

Total weight, 95 tons. | 

Weight on drivers, 68 tons. 

Nominal rated horse power, 2200. 

Maximum horse power, 3000. 

Maximum tractive effort at starting, 34,000 lb. 

Three main running speeds: 

a. Four motors in series. 
b. Two groups in parallel, each of two motors in series. 
c. Four motors in parallel. 

Normal operating pressure of motors, 600 volts. 

On the New York, New Haven and Hartford single-phase 
alternating-current locomotive, complete data were published 
last year?, and I merely extract the following figures: 

Total weight, 85 tons. 

Weight on drivers, 85 tons. 

Nominal rated horse power, 1000. 

Horse power in continuous running, 800.1 

Maximum tractive effort at starting, 42,500 Ib. 

Speed controlled by voltage variation, motors permanently 
connected two in series, two in parallel. numerous 
speed steps. 

Normal operating pressure of motors, 235 volts. 


1. Street Ratlway Journal, November 19, 1904. 
2. Street Railway Journal, April 14, 1906, 
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The three-phase alternating-current locomotive has four 
driving axles and three motors suspended between them, and 
the locomotive possesses the following characteristics: 

Total weight. 95 tons. 
Weight on drivers, 95 tons. 
Nominal rated horse power, 2250. 
Maximum horse power, about six times nominal full load 
rating. 
Maximum tractive effort at starting, 47,500 Ib. 
Three main running speeds: 
a. Three motors in cascade connection. 
b. Two motors in cascade connection. 
с. Two motors in parallel. 
Normal operating pressure of motors, 3000 v volts. 

A locomotive of exactly the same tvpe, but slightly lighter, 

has the following typical dimensions: 
Total weight 85 tons. 
Weight on drivers, 85 tons. 
Nominal rated horse power, 2000. 


I refer to the heavier locomotive as type A, and the lighter one 
as tvpe B. 

Descriptions of the three steam locomotives will be found in 
the American Locomotive Company's publication. The princi- 
pal features ої the Pacific type locomotive (No. 1212. of the 
Southern Railwav) are as follows: 


Total weight including tender, 175 tons. 
Total weight of engine alone, 109 » 
Weight on drivers, 67 
Cylinder diameter, 22 inches. 
Stroke of piston, 28 = 
Diameter of drivers, 72.5 “ 
Total heating surface, 3805 sq. ft. 
Maximum sustained horse power, 1640 
Maximum tractive effort at starting, 33,500 Ib. 


The Atlantic tvpe of locomotive (No. 3000, of the New York 
Central and Hudson River Railroad) has the following charac- 
teristics: 


Total weight including tender, 161 tons. 
Total weight engine alone, 100 “ 
Weight on drivers, - 55 “ 
Cylinder diameters, 154 and 25 in. ‚ 
Stroke of piston, 26  ' 
Diameter of drivers, 79“ 
Total heating surface, 3445 sq. ft. 
Maximum sustained horse power, 1360 
Maximum tractive effort at starting, 21,900 Ib. 


And, the Consolidation. type locomotive (No. 221, of the 
Delaware and Hudson. Railway) may be briefly described as 
follows: 
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Total weight including tender, 164 tons. 
Total weight engine alone, _ 96.5 “ 
Weight on drivers, 85 J 
Cylinder diameter, 21 in. 
Stroke of piston, 30 b 
Diameter of drivers, 57 7 
Total heating surface, ` 3408 sq.ft. 
Maximum sustained horse power, 1020 


Maximum tractive effort at starting, 42500 lb. 

All of these locomotives have a maximum speed of about 70 
miles per hour except the Consolidation, the maximum speed 
of which is about 40 to 45 miles per hour. 

The running characteristics, expressed in the shape of tractive 
effort, speed curves, of all of these locomotives are indicated in 
Fig. 1. 

All of these curves start at a point corresponding to the 
maximum tractive effort which is obtainable bv the full use of 
the adhesive weight of the locomotive, just below the point 
where the wheels begin to slip. This maximum tractive effort, 
dependent only on the adhesive weight, can for each locomotive 
be counted upon up to a certain well determined speed. Beyond 
that point, clearly shown in the curves, the maximum tractive 
effort is independent of the adhesive weight and dependent on 
the maximum power which the locomotive can develop. And 
it 1s from this point that the various locomotives show marked 
differences in behavior. 

The horse power which a steam locomotive can dev elop is 
determined by the amount of water which the boiler can evapor- 
ate and the economy of the cylinders. If W represents the pounds 
of water evaporated into steam per hour at the given pressure, 
and N the water rate of the cylinders in pounds of steam per 
indicated horse power hour, than the maximum indicated or 
cylinder horse power in this part of the curve is E Tests 
conducted under the auspices of the Pennsvlvania Railroad at 
the Louisiana Purchase Exposition in 1904, showed that the 
evaporation per square foot of heating surface per hour for 
different types of locomotives varied between $ and 16 pounds, 
also that the steam consumption of the cylinders averages 
23.7 to 29 pounds per indicated horse power-hour. The largest 
Consolidation locomotive built, with 100 tons on drivers, has 
about 4000 square feet of heating surface; the largest Pacific 
locomotive, with 67 tons on drivers, about 3900 square feet; 
and the largest Atlantic, with 57.5 tons on drivers, about 3600 
square feet. The average evaporation and the average economy 
under service, not test, conditions, 1s approximately 12 pounds 
per square foot of heating surface per hour, and 27 pounds 
per indicated horse power-hour, respectively. For one horse 
power developed in the cylinders there must thus be 2.25 square 
feet of heating surface in the boiler, or: 
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Cylinder horse power = 0.43 X heating surface in square feet 
and: 
375 X cylinder horse power 


- COM + —frictional 
speed in miles per hour, 
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The machine ећсіепсу varies in different types, over the 
range of speeds, from about 74% to 9395. The mean effective 
pressure corresponding to frictional loss is very nearly constant 
for all speeds and cut-ofis, and averages 3.8 pounds per square 
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inch. The maximum tractive effort, therefore, is given by the 
relation: 

Tractive effort = 181 X heating surface іп sq. ft. — 3.8 & L 

speed in miles per hour, D 
where d is diameter of cylinder in inches, L the length of stroke 
in feet, and D the diameter of driver in feet. This formula, 
developed by Professor Goss, for simple engines, has been 
found to corroborate actual tests with exceedingly good accuracv. 
The majority of the curve sheets in the Pennsylvania tests 
referred to, show the calculated and test curves in practical 
coincidence. The curve of the Atlantic type, four-cylinder 
balanced compound locomotives, No. 3000 of the New York 
Central and Hudson River Railroad, was plotted from an 
actual test made at St. Louis. 

The curve obtained from the above equation represents the 
normal continuous output of the steam locomotive. This 
continuous output is practically the maximum output, since 
the overload capacity of the steam locomotive is limited to 
perhaps 25% for periods not exceeding 5 minutes, on account 
of the impossibility of forcing the boiler above its normal capacity 
for extended periods. 

Electric locomotives, on the contrary, can sustain overloads 
of considerably greater magnitude for much longer periods of 
time, without any difficulty. 

The curves of the direct-current and the single-phase alternat- 
ing-current locomotives are very similar in character to the curves 
of the steam locomotives. These electric locomotives have 
motors, with so-called series characteristics, that slow down 
in speed with any increase in load. The direct-current and 
the single-phase electric locomotives, 1n common with the 
steam locomotive, will therefore reduce their speed when they 
are called upon to haul an increase in load, either in the shape 
of a heavier train or when running up-grade. 

This feature is clearly shown by the curves in Fig. 1, and it 
is quite interesting to note that the curves of the steam and 
electric locomotives cross each other. In other words, the trac- 
tive effort of the direct-current and single-phase alternating 
current locomotives, which is better than that of the steam 
locomotive at low speeds, actually’ drops off considerably 
faster with increasing speed, until it is much worse than that of 
the steam locomotive at high speeds. In fact, if we consider 
carefully, the curve of the steam locomotive is the result of 
practically constant power output, while with the direct-current 
and single-phase alternating-current locomotive the power 
output as such diminishes together with the tractive effort. 

But the greater advantage of the electric locomotive lies in 
the fact that it can utilize its weight very much better than can 
the steam locomotive; and if the actual values of tractive effort 
taken from the curves are compared with the weights of the 


1New England Railroad Club, December, 1901. 
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corresponding locomotives it will be found that the direct- 
current and the single-phase alternating-current locomotives 
are capable at low speeds of exerting a very much greater 
tractive effort proportional to their weight than can the steam 
locomotives, and even at high speeds their proportional per- 
formance is better than that of the steam locomotive. 

An additional, and perhaps even more important advantage 
of these electric locomotives over their steam competitors, lies 
in the fact that the electric locomotive can readily respond to 
almost any kind of overload demand. As a matter of fact, 
a prolonged grade for instance, may seriously decrease the 
usefulness of a given steam locomotive, due to the impossi- 
bility of forcing the latter's boiler for any considerable length 
of time above rated capacity ,while the electric locomotive 
wil slow down, of course, but will, with the assistance of the 
power house, carry great overloads for any reasonable length 
of time. 

Тһе three-phase alternating-current locomotive not only 
accomodates itself to such increased demands on its hauling 
power, but it does so without any great drop in speed, and 
automatically adjusts its power to the demand. If at 1500 
horse power normal output the motors of a given three-phase 
locomotive have a 2% slip, then at five times the normal tractive 
effort the slip will be approximately 10%, and the speed will drop 
from 68.5 to 63.0 miles per. hour. Three-phase induction 
motors of this size (750 horse power) can be built with a maxi- 
mum torque of 6 to 7 times full load-torque with very good 
electric qualities. And, notwithstanding the objection some- 
times urged that the design must be very liberal for such service, 
it remains a fact that the three-phase motor can do what the 
others cannot do, and its intrinsic lighter weight per horse 
power, its higher efficiency, its more economical distributed 
winding, and the absence of the commutator, keep down the 
cost of the three-phase locomotive within the limits governed 
bv competition. 

It goes without saving that this constant-speed variable- 
power characteristic of the three-phase locomotive need not 
necessarilv be made use of in cases where a decrease in speed 
is no serious objection; while it may perhaps be desired to 
keep the power within limits. In such cases the three-phase 
locomotive can just as well be run at lower speeds for the heavier 
draw-bar pulls. But it may be well to point out here that the 
power required; for instance, for a 300-ton train running at 
about 70 miles per hour on a grade of 0.335%, is the same as 
that required to accelerate the same train on the level with an 
initial acceleration of 0.56 miles per hour per second. Inasmuch 
as the system will be designed for the maximum power demands 
caused bv the heaviest trains accelerating, no additional invest- 
ment in copper or machinery will be required by this constant- 
speed, variable-power characteristic of the three-phase locomo- 
tive. 
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Instead of saying that the three-phase locomotive is capable 
of maintaining practically constant speed under- anv load, 
while direct-current and single-phase locomotives will drop in 
speed with increasing load, the thesis may be reversed and the 
equally true statement be made that the three-phase locomotive 
is able to develop a certain given tractive effort from zero 
clear up to practically maximum speed, while the tractive . 
effort of the direct-current and the single-phase locomotives 
will fall off seriously with increasing speeds, and at maximum 
speed is only a fraction of what it was at low speed. The curve of 
the direct-current locomotive shows, for instance, a drop from 
more than 3000 horse power at 36 miles per hour to only 960 
horse power at 60 miles per hour, and the curve of the single- 
phase locomotive a drop from about 1540 horse power at 23 
miles per hour to only 670 horse power at 60 miles per hour. 
And this is not a question of liberal design, but an inherent 
unalterable characteristic of all locomotives using series motors. 

These features are brought out very clearly by the curves of 
Fig. 1, but a few hypothetical examples may go to show just 
exactly how these characteristics affect the actual hauling of 
trains. | 

Let us take a locomotive capable of hauling a 150-ton train, 
and run it over a given stretch in, say 16 minutes, by the use 
of a maximum running speed of about 65 miles per hour. Now 
increase the train-weight to 300 tons. The three-phase locomo- 
tive will haul the heavier train over the given stretch as before, 
in 16 minutes, but the direct-current locomotive or the single- 
phase alternating-current locomotive will have to drop in speed, 
and will now take 18 minutes to cover the same distance. А loss 
of over 10% in time, which loss increases with increasing load. 

Or take a line of track with one or more grades. Hauling trains 
of the same weight, the direct-current locomotive and the single- 
phase locomotive will, compared with the three-phase locomotive, 
lose a certain amount of time at each grade, and their total 
running time will, with the same maximum speed, be necessarily 
considerably poorer than that of the three-phase locomotive. 

Or, take the actual curves of Fig. land send the locomo- 
tives over a level line at an average running speed of 60 miles 
per hour, which corresponds to a schedule speed of about 50 
miles per hour with stops about 15 miles apart. We then find 
the maximum tractive effort for each locomotive, and the maxi- 
inum trailing load which each can haul (assuming a train resist- 
ance of 17 pounds per ton) to be as follows: 


Maximum Weight of loco- Trailing 
tractive effort motive and tender train weight 
Single phase. 4250 pounds 85 tons 165 tons 
Direct current 6000 “ 95 “ 208 “ 
Atlantic..... 9250 “ 161 ^" 352 * 
Pacific. .... .. 9750 “ 175 “ 398“ 


Three-phase 9375 “ 95 “ 457“ 
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If we investigate the maximum grade which each locomotive 
can take with a given train at a given speed we shall find the 
same order of things. It seems, therefore, entirely fair to draw 
the broad conclusion that for its weight the three-phase loco- 
motive is by far the most powerful hauling engine extant. 

To complete the comparison I have plotted a few curves 
Figs. 2, 3, and 4) showing the relative accelerations which can 
be obtained from the various locomotives above referred to, 
and I have endeavored to bring together for this purpose locomo- 
tives directly comparable, as much as possible, with reference 
to their weight characteristics. In Fig. 2, I compare the Pacific 
type steam locomotive (109 tons, 67 tons on drivers) with the 
direct-current locomotive (95 tons, 68 tons on drivers) and the 
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heavier of the two three-phase locomotives (95 tons, all on 
drivers). On Fig. 3 the Atlantic type (100 tons, 55 tons on 
drivers), a most powerful engine for its weight, is compared 
with the single-phase locomotive (85 tons, all on drivers) and 
the lighter three-phase locomotive (85 tons, all on drivers). 
And on Fig. 4 the Consolidation (96.5 tons, 85 tons on drivers) 
is compared with the lighter three-phase locomotive (85 tons, 
all on drivers). These weights are sufficiently close together 
to permit a fair comparison, but I may point out that to eliminate 
even these small differences in weight, I have assumed that the 
electric locomotives would use only such portion of their adhesive 
weight as corresponds to the adhesive weight of the steam 
locomotive compared with it. 
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This being strictly a comparison of acceleration character- 
istics, the period of acceleration was assumed to extend to a 
speed of 55 miles per hour only, so as not to be unfair to those 
locomotives having a very low rate of acceleration at high 
speeds. 

In Fig. 2 a six-car train, weighing 300 tons exclusive of 
locomotive, was assumed. The steam locomotive uses its full 
adhesive weight up to 18.4 miles per hour, accelerating at 
0.653 miles per hour per second. From then on the tractive 
effort drops according to the curve in Fig. 1, and the rate of 
acceleration correspondingly. A speed of 55 miles per hour is 
reached after about 200 seconds. The direct-current locomotive 


SINGLE F HASE | 


x 
a) 
Deo 
I 410 
c 
ш 
a 
D on 
ш 30 
E 
= 
OF LOCOMOT TONS 
20[— 
SINCLE THREE 
ATLANTIC E E PHASE 
10+— —| AVERAGE ACCELERATION UP T MILES PER НА, 0.34 0. 
' MILES PER HR. PER SEC. } 
| ] | MAXIMUM SPEED ATTAINED. MILES PER HCUI 
ш ХЕ = : А... j Ka 5 
I | | 
| | | 
0 | | | iq d 
0 20 10 60 80 100 120 140 160 180 200 
SECONDS 
Fie. 3. 


accelerates with 875 amperes per motor constant input, 2100 
kilowatts maximum, up to 38 miles per hour, from which 
point on it accelerates on the motor curve at a constantly 
decreasing rate, until 55 miles per hour is reached, after about 
180 seconds. The three-phase locomotive accelerates with a 
constant input of 2450 kilovolt-amperes, 2200 kilowatts maxi- 
mum, with three different rates of acceleration corresponding 
to the three motor connections, reaching 55 miles per hour 
after about 130 seconds. The energy consumption for the 
direct-current locomotive and the three-phase locomotive is 
the same and equal to about 300,000 kilowatt-seconds. 

In Fig. 3 where the train-weight is assumed to be 200 tons 
exclusive of locomotive, the steam locomotive again starts with 
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the use of full adhesive weight, and although having at first a 
low rate of acceleration, it uses its great capacity at higher 
speeds to full advantage, and reaches 55 miles per hour after 
about 160 seconds. The single-phase locomotive and the 
three-phase locomotive start with the same initial input of 2,000 
kilovolt-amperes, which, however, gives the three-phase loco- 
motive a better initial tractive effort on account of its better 
power-factor and efficiency. After 33 miles per hour, the 
single-phase locomotive accelerates on the motor curve at a 
constantly diminishing rate of acceleration while the three-phase 
locomotive utilizes the same initial input up to full speed. А speed 
of 55 miles per hour is reached by the single-phase locomotive 
after about 220 seconds. and by the three-phase locomotive 
after about 115 seconds. 


TRAIN WEIGHT EXCLUSIVE OF LOCOMOTIVE 1750 TONS 
STARTING WITH FULL ADHESION WEIGHT 
AVERAGE ACCELERATION UP TO 20 MILES PER HR, 
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In Fig. 4 both the steam locomotive and the three-phase 
locomotive start with full adhesive weight and accelerate a 
1750-ton freight train up to 20 miles per hour at the rate of 
0.095 and 0.167 miles per hour per second, respectivelv, reaching 
20 miles per hour after about 200secondsand about 120 seconds, 
respectively. Ву reducing the input for the electric locomotive 
the acceleration period would be lengthened, but the performance 
would still excel that of the steam locomotive. 

The three-phase locomotive seems, therefore, to be ahead of 
its competitors also in accelerating qualities, which is quite 
natural because it 1s the only one which can utilize a constant 
input up to full running speed. The three-phase locomotive 
is mathematically sure of reaching full speed after a certain 
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predetermined time. Locomotives with series characteristics 
wil approach full speed so slowly, that thev very frequently 
do not reach it at all unless the distance between stops is very 
great. 


CONCLUSION 


The constantly increasing business on trunk and suburban 
lines wil have as an inevitable result—track congestion. On 
certain railroads trains are now so heavy, and run at such high 
speeds, as to tax the capacity of the most powerful steam 
locomotives to the limit, and the headway between trains is as 
small as permissible. Here, then, electrification becomes an 
absolute necessity if the trathc capacitv of the lines is to be 
increased without the tremendous expense of adding new 
tracks. We have seen that electric locomotives are in them- 
selves more powerful than steam locomotives of even weight; 
but it is furthermore possible to couple two or more electric 
locomotives together by multiple-control connections, and to 
operate them for all practical purposes as one locomotive bv 
one man. Thus an unlimited amount of power can be concen- 
trated in one unit and traffic can be handled both in increased 
train weights, not limited by considerations of gradients, and 
also at higher speeds than are at present employed. That the 
three-phase alternating-current locomotive is by far the most 
suitable engine for this purpose I believe to have demonstrated 
above. 

А.Н. Armstrong: We have listened to the advocates of the 
600-volt and the 1200-volt direct-current svstems and the 
various alternating-current motor svstems, and have learned 
that each of these tvpes of motors possesses qualifications that 
permit the construction of an electric locomotive much superior 
to the present steam locomotive. It strikes me that each 
speaker uses his own individual method of saving the same 
thing—that we have in the electric locomotive a piece of appara- 
tus which can accomplish results not possible with the present 
steam locomotive. We have outgrown the days of a machine 
having an indicated output under 2,000 horse power, a mainten- 
ance charge of eight to: ten cents per locomotive-mile under the 
best conditions of level-track operation, and double this amount 
when the conditions are adverse; and we have at our disposal 
a locomotive that gave a maintenance charge of less than one 
and one-half cents per locomotive-mile during an endurance 
test of 50,000 miles, a concentrated output of 2200 horse power 
nominal, and fifty per cent. increase for unlimited periods bv 
using forced ventilation. I believe that with the assets we have 
in the electric locomotive, the day has come when we can 
approach large railroad problems with supreme confidence of 
winning out over steam competition. It is not a case of the 
type of apparatus to be used, nor is it a question of frequency, 
as each case must be considered by itself in order to make the 
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best individual showing for the local conditions involved. Ten 
years from now we will still be disputing over the question of 
frequency, alternating-current or direct-current operation, types 
of motors, and control to be used, etc. Looking back on the 
history of the steam locomotive, the same lack of agreement is 
apparent, and even to-day there 15 no standard type of steam 
locomotive receiving the universal approval of engineers and 
operators. : 

It is not necessary at the present time to standardize electric 
locomotives orsystemsof electrical distribution, as we have not yet 
demonstrated the best type of motor and the apparatus best 
suited to take care of the needs of both heavy and light electric 
railroading. No standardizing can be attempted without full 
experimental and operating data, showing without question 
that a particular type of apparatus is the survival of the 
fittest. Iregret that no such full operating data are in existence 
to-day; in fact, no locomotive of the single-phase alternating- 
current or 1200 volts direct-current type is yet operating in 
commercial service. 

The electric motor provides opportunity for doing something 
that cannot be accomplished by steam, and this is the reason 
why it has superseded steam power in the past and will continue 
to replace the steam locomotive in the future. It is not a 
question of petty economies effected; 1t 1s the broader question 
of increased facilities, increased gross receipts, and increased 
opportunities for earning money by means of the electric motor 
that makes it a successful revivalofthesteamlocomotive. This 
point has been illustrated in the past by the entire elimination 
of the steam locomotive in urban and short-haul subvrban 
work. It is being demonstrated in the big terminal electrifica- 
tions now going on in and around New York. The managers 
of our large western roads are seriously considering the substitu- 
tion of electricity for steam, based solely upon the fact that 
their roads are in need of a type of locomotive which can surpass 
the best performance of the steam locomotive as constructed 
to-day, or as foreseen in the future. A steam locomotive 
having a capacity of 500 tons trailing on a two per cent. grade 
is going to be a thing of the past as soon as full appreciation is 
paid to the fact that it can be replaced by an electric locomotive 
capable of hauling increased tonnage at double the speed. In 
face of such facts it 1s a matter of detail consideration to discuss 
the question of frequency and types of motive power when there 
are not sufficient operating data and experience at our disposal 
to enable one type of motor and one system of distribution to 
stand above all others as possessing qualifications demanding 
its universal adoption, and, hence, its standardization. 

N. W.Storer: It seems to me that the whole question of the 
electrification of steam railroads comes down to one of dollars 
and cents, and the system that can be operated and installed 
for the least money will be the one to be adopted.gg As may be 
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seen, there are many different ideas on the same question. 
Many engineers are working on designs of electric locomotives 
to meet the many requirements which are constantly being 
requested of manufacturing companies. I have worked over 
them for some time past, and every time a new proposition 
comes in, the matter of frequency, or alternating-current or 
direct-current operation must be decided. It is a question 
whether the problem can be solved by the simple direct-current 
system, which our friend the father of electricity, loves so well, 
or whether we must go to something higher and nobler up with 
our voltage and up in the air with our trolley. Our experience 
is that the decision is generally in favor of locomotive of the 
single-phase type. I have considered the direct-current loco- 
motive, and the three-phase locomotive, prayerfully and care- 
fullv, but, it does not seem to me that either one of these is the 
tvpe of locomotive which will meet the requirements of the 
railways of this country. The direct-current locomotive as it 
has been designed certainly will not do it. In speed charac- 
teristics, the single-phase locomotive pleases me much better 
than the three-phase. 

The single-phase locomotive seems to offer the greatest 
possibilities. With it, we can not only operate up to what 
might be called the normal speed of a locomotive, but far 
beyond that. High speeds become simply a question of apply- 
ing higher voltages from the transformer to the terminals of 
the motor. The same locomotive can be operated just as well 
at 10, 15, 20, or 25 per cent. above what might be called its 
normal voltage as the direct-current locomotive can be operated 
at it normal voltage. The question of commutation in the 
single- -phase motor is not so much one of voltage as one of 
induction in the field, one of current which the motor is carrying 
or, in other words, of the tractive effort which it is exerting. 

Every time a single-phase motor is designed for heavy work, 
the question of frequency arises, and it always works out much 
better for 15 cycles, for this reason: at least 30 per cent. greater 
output can be got from motors at 15 cycles than from motors 
of the same size operated at 25 cycles. That means that at 
the limit. there must be 30 per cent. more motors if the motor 
is to operate on 25 cycles than would be needed on 15 cycles. 
That not only increases the cost of motors very much, but 
increases the cost of all mechanical parts, the motor-trucks 
must be heavier than trail- trucks—the entire equipment must 
necessarily be heavier. 

The question of efficiency alone is bound to influence the 
matter very largely. The 15-cycle motor approaches closely 
the efficiency reached by the direct-current motor, and there is 
so little difference that it can hardly be'^.detected. In power- 
factor it comes very close to the direct-current motor. It 
is above 90 per cent. throughout the entire range of loads in 
most sizes—it is practically unity. 
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The saving in cost of locomotives which might be effected by 
using 15 cycles instead of 25 cycles 1s mentioned 1n the paper, 
and I am bound to say that the difference which is shown 1s 
entirely inadequate to cover what 1n our opinion it would be. 
I should sav that the difference would be at least $5,000, rather 
than $1,000. That makes a difference which seems to me to be 
overwhelmingly in favor of the 15 cvcles; it 1s due largely to the 
number of motors. 

In regard to the lighting of the cars, I believe that satisfactory 
lighting can be obtained with 15 cycles, by using a low-voltage 
lamp having a heavy filament. А lamp designed 15 volts, 
to operate on a 15-cvcle circuit, will give just as good light and 
as perfect illumination as the ordinary incandescent lamp on a 
25-cvle circuit. It will be entirely satisfactory for the lighting 
ofcars. The many other questions which come up in connection 
with railway installations will of course influence the choice 
of frequency very largely, but as I said in the beginning, 
it is simplv a matter of dollars and cents that will determine 
whether 15 cvcles or 25 cvcles 1s going to be adopted for railway 
work. 

William McClellan: Having passed through the experience of 
equipping some cars with single-phase motors and proper multiple- 
unit control for 11,000 volts, I believe firmly that the solution 
of the railroad problem is going to be by means of the 11,000- 
volt system. Perhaps not exactly 11,000 volts, but a high- 
voltage overhead trolley with a single-phase motor. In spite 
of the fact that a heavier motor is needed for the power developed ; 
in spite of the fact that the sub-station 1s separated into pieces 
carried on the motor-cars making a large amount of ton-miles in 
the course of a vear—as a whole the svstem provides a better 
solution for trunk-line electrification than any other in sight 
at the present time. This is particularly true if engineers can 
be brought to think that 15 cycles is better than 25. I, for one, 
after a very careful examination of every argument, feel sure 
that nothing stands in the way of the standardizing of this 
frequency. 

Although the steam railroads have not standardized as to 
details, they have standardized so that they can make necessary 
interchange of equipment. Electrical engineers must do 
such necessary standardizing at once. Unless this standardizing 
is done at once there might result one kind of trolley on this 
road running locomotives of one type, and another type on 
that road; this condition might not prove serious with electric 
locomotives, but if cars cannot be exchanged freely it will be 
impossible to electrify the railroads of the country, particularly 
on the grand scale suggested in this paper. So, therefore, I 
certainly agree that it would be advisable and possible to 
standardize immediately certain features of railroad practice, 
the height of trollev, the location of the third-rail, and the 
voltage and frequency at the trollev and third-rail. 
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In spite of the fact that the two great manufacturing compan- 
ies in this country have different systems of control, I see no 
reason why the train-line jumper should not be standardized as 
to position and number of wires. That would solve a great 
many problems in itself, particularly if the jumper could also 
connect a heating and lighting bus-bar at a standard voltage, 
making thereby one jumper between the cars to be handled in 
addition to the air-brake connections. The largest jumper I 
know of has twelve conductors for the train line, and it is probable 
that this number is a maximum. Any particular system could 
use as many of these conductors as desirable. Such an arrange- 
ment would permit easy interchange of Pullmans, express cars, 
mail cars, fast-freight cars, etc., which might have to be used as 
trailers in multiple-unit trains of different systems. 

The above features include all necessary standardization. 
'This, I believe, is the only standardization that is possible or 
ought to be allowed at present, because anvthing else would 
stifle proper advance in the art. 

The firm with which I am associited has always found it 
difficult to derive useful data from published information on 
costs of locomotive operation. "Therefore, another scheme was 
adopted. It wasto take several railroad divisions having different 
kinds of traffic, a division with large passenger traffic, another hav- 
ing large freight tratfhc, and another having а good mixed traffic, 
and if possible get costs on these. In this way we hoped to- 
arrive at some general figures which could be relied upon. 
] am free to say that while we did have some success and did 
arrive at some results, on the whole thev were unsatisfactorv. 
It was difficult to obtain any reliable costs for coal, wood, and 
water stations; but the results given 1n the paper for maintenance 
of way and structures are as nearly correct as can be stated. 

When we came to Item 12, all figures were very unreliable. 
I believe the onlv useful method is the one Mr. Murray has 
adopted of watching very carefully certain locomotives in 
service. One scheme we tried was to assume that we could 
substract the cost of boiler repairs and leave only engine repairs, 
and by some process of assumption get a comparison between 
costs of electric locomotives and steam locomotives. We 
found a pretty good agreement that boiler repairs were one-sixth 
of the total repairs of the engine, but we could find no railroad 
people who would agree in the assumption that an electric 
locomotive would cost anything less for maintenance than the 
machine part of a steam locomotive. Assuming the figures 
are the same, the maintenance on the electric locomotive might 
then be considered five-sixths of the present cost of the steam 
locomotive. 

I ask you to beware of any figures given on maintenance by 
European railways, for the reason that labor is cheap in Europe; 
and secondly, a great deal of care 15 given to operation, and 
costs are likely to be very low. Neither can the cost of running a 
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locomotive 50,000 miles, where it has been in the hands of 
trained electrical engineers, be taken as a comparative figure 
for a locomotive running day in and day out, put in the round- 
house at intervals, given more or less attention, but most of the 
time in the hands of a road engineer who may or may not be 
able to take care of it. 

Some very interesting results were obtained in connection 
with Item 21. In the first place, I am confident that a '' dead- 
man controller” is as reliable as a second engineman, 
and makes his presence wholly unnecessary. In the second 
place, a very complete study by a prominent steam railroad 
man at several different roundhouses at which forty to sixty 
locomotives were handled per dav showed a total cost per 
engine handled of $1.18. This included all operations from the 
` time the engineman dropped his engine until he took it again. 
It was found that 54 per cent. of this was peculiar to steam, and 
could be omitted with electric locomotives. How much, 
however, would have to be added as peculiar to electric locomo- 
tives could not be satisfactorily estimated. 

Forsakmg figures, there are broad lines on which we may 
approach any railroad electrification problem and hope to 
solve it. These are: 

1. The flexibility of motor equipment permitting multiple- 
unit operation for passenger and freight service in a variety of 
ways.. 

2. The possible increase in road-miles per locomotive on 
account of decreased time in roundhouse, etc. An average 
steam locomotive, making perhaps 3,000 miles per month in 
freight service, is about 45% of its time оп the road, 306% in the 
roundhouse, and 25% їп the yard awaiting orders, etc. 

3. The possibility of generating power cheaply by locating 
the power plants close to coal mines, which will avoid hauling 
of the coal, and also bv making use of large number of small 
water powers which, if properly developed, amount to a great 
asset for the railroad; water powers which would be of little use 
to an individual, but might be of great use to the railroad 
because 1ts load 1s distributed over a large territory. 

W.I.Slichter: I have been particularly interested in that 
part of the paper relating to the choice of frequency for single- 
phase railway work. I have studied the subject for some time 
and believe there 1s no question but that a lower frequency is 
very desirable for the single-phase motor. 

There seems to be a unanimous opinion that the output of 
the motor may be increased some 30 or 35 per cent. by a decrease 
in frequency from 25 to 15 cycles. In many cases this will 
make it possible to build in the limited space available on the 
trucks of a car, a motor of sufficient power to perform the 
service required, whereas at 25 cvcles it would be impossible to 
obtain sufficient power. But as Mr. Stillwell has pointed out, 
we must consider how much this change will cost. The other 
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parts of the system, except the transmission line, are more 
expensive at the lower frequency. 

The generator itself may be increased 1n cost anywhere from 
15 to 506% depending on the size and design. This is due to 
the fact that a speed corresponding to 15 cycles will be difficult 
to obtain in turbines, while for slow- -speed engine»sdriven units 
there will be no great difficulties. 

Transformers are increased in cost about 206; bv the change, 
while the distributing svstem will be Десте | about 10°; in 
cost. 

Considering, first, an interurban road in which the amount 
of motive power is small compared with that considered for a 
large steam road as discussed by Messrs. Stillwell and Putnam, 
the relative costs of the various parts of an installation are 
fairly represented as follows: 


25 cvcles 15 cvcles 
Generating station........ 34.46; 38 ©; 
Sub-stations. TS | 1.8% Z2 pe. 
Low-tension construction. 14.86; 14.8% 
Low-tension copper........ 12. © br. 65 
High-tension line.......... 5.407 5.4 
ВопЧйїпр................. е £s 7 
Equipments and cars...... 24.6% 235. 4% 

100 €; 101.36, 


For this interurban road then a 15-cycle installation would 
bé more expensive. 

But turning to a road which approximates steam railroad 
conditions, the cost of the equipment forms a much larger 
proportion of the total cost, while the increase in the cost of the 
power station 1s not so great on account of the larger size of the 
units. This transfers the balance to the other side and the 
figures are similar to those given in the paper. This shows 
that as we approach heavy railroad work the greater will be the 
need for the lower frequencv. 

It has not been pointed out, however that although the rated 
(one hour) output of the motor is increased some 35 per cent. 
by the change in frequency, this is only the output during 
acceleration, whereas the continuous output rating of the 
motor 1s not changed accordingly. For passenger service with 
long runs and a small percentage of acceleration, not as much 15 
to be gained by the use of the lower frequency. 

J. B. Whitehead: As I have listened to the discussion, a 
certain aspect of the question has suggested itself, and I venture 
to bring it forward. [п considering an electrically propelled 
vehicle, I take it we mav consider that vehicle best which 
possesses two characteristics to the greatest degree, other 
things being equal; and these characteristics are the degree to 
which the vehicle is self-contained and the greatest power that 
can be got into the space given to the motors. In speaking of 
the degree to which an electrically propelled vehicle is self- 
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contained, I wish to draw attention to the fact that we mav 
consider an electric locomotive or car more self-contained so far 
as it requires less attention from the outside. That is to sav, 
the greater the distance between sub-stations and the less 
complicated the apparatus at the sub-stations, the better. In 
these respects the alternating-current has the advantages of the 
direct-current. If the advocates of the direct-current system, 
could bring forward apparatus that would operate and transmit 
at the same voltages that the alternating-current system does, 
a great deal of this discussion would not have taken place. 
From the standpoint of self-containment, I think that we 
must look for something from the direct-current side before we 
yield the position taken by the advocates of the alternating- 
current system. 

It has been very interesting to hear the comments on the 
other aspect, the greater power which can be got into the space 
available for motors by reducing the frequency. If 15 cycles 
is the point at which the advantage of an increase of power 
within this space stops, being offset bv the greater weight and 
greater cost of transformers, and the difficulties in the generating 
apparatus, then that 1s the frequency that will finally be adopted. 

The problem 1s to do the right thing in the right way; and if 
we can stretch out more and more the distances between the 
points where the motor needs help from outside by using the 
alternating-current system, then the alternating-current system 
will prevail. The footnote suggests a danger from the rising 
potential of a broken bond, in the caseof high-potential operation. 
I ask if there is anv instance on record where there have been 
unpleasant results attendant upon a broken bond? 

L. B. Stillwell: First, I shall replv to Mr. Whitehead's 
question. We have assumed in our estimate a No. 4/0 conductor 
in the track circuit in order to aviod the possibility of a dangerous 
potential on the track in case of broken bonds. My attention 
has never been called to any case in which danger has occurred 
from this cause, but it appears to me a theoretical possibility 
and we desire to make our estimates eminently fair to the 
steam side of this proposition. 

I have been greatly gratified by the discussion on this paper, 
and I hope that members of the Institute who have additional 
concrete facts bearing upon the important question of frequency 
will contribute these facts by letter. 

It 1s evident that the great majoritv of engineers present 
would admit that the question of frequency is settled decisively 
bv the testimony we have had in favor of 15 cycles. The 
testimony of Mr. Lamme, the inventor of the single-phase motor; 
of Mr. Storer; of Mr. Slichter, and other men who have been 
active in their development and practical application, to my 
mind is conclusive as regards the performance of the motor and 
they have testified that the difference in favor of 15 cycles, as 
measured at the draw-bar, is approximately one-third. When 
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this fact is taken into consideration, in view of the general 
perspective of the problem, which we have endeavored to 
establish by considering the electrification of our railroads as a 
whole, it seems to me there 1s only one conclusion to draw. 

In our estimates we calculated that the expenditure for elec- 
trical equipment of rolling stock, 1f the 25-cycle system were used, 
would approximate $450,000,000. Mr. Storer has stated that 
the difference in favor of 15 cycles would be at least $5,000 per 
locomotive, but his figure for the entire locomotive 1s considerably 
higher than that which we have assumed in our estimates, and 
therefore we may scale this $5,000 down to about $4,000. 
Applying this to 24,000 locomotives, the difference in favor of 
15 cycles is $96,000,000, which is ten times the difference in 
cost of the power-house equipment which is adversely affected 

by a reduction of frequency. 
.. I believe that to-day we are able wisely to standardize fre- 
quency as well as the position of the overload trolley. These 
things certainly should be agreed upon. The steam roads have 
standardized everything essentialto the interchange of their 
roling stock. We must follow that precedent or we shall get 
involved in all sorts of trouble. 

Mr. Sprague is in favor of the direct-current system. He has 
done so much in the development and application of electric 
apparatus for traction purposes, first by the direct-current 
motor and more recently by the multiple-unit system of control, 
that I should be very sorry to see him make a serious mistake, 
and I hope that before he nails his flag to the 1500-volt direct- 
current masthead he will take into account all the evidence 
presented to-night. 

Frank J. Sprague (by letter): Commenting briefly on some 
statements made by various speakers, which in one breath 
describe the perfection of results attained by 25-cycle motors 
and yet complain of their lack of capacity, I am reminded of a 
sign which I often see in the Subway cars: '" We could not 
improve the powder, so we improved the box." 

My criticism of the 25-cycle motor, which has been so well 
exploited, has not been because of the potential at which a 
trolley line must be operated. The relations of potential to 
size of conductor are really of such common knowledge in the 
primer classes of electrical engineering that it is hardly worth 
while to discuss that particular feature. Obviously, if alternat- 
ing currents are to be used then just as high potentials as the 
physical facts will permit should be adopted, and there is nothing 
revolutionary in the use of 11,000 instead of 3,000 volts. 

Capacity is the keynote of an equipment, and capacity is 
not measured alone by that of conductors, but ultimately also by 
motor equipments; and the entire testimony of this evening 
bears out my criticism, that the 25-cycle motor as constructed 
to-day does not under like conditions approach the capacity 
of the direct-current motor. It is proposed to increase this 
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capacity of lowering the frequency. This, also, in itself is not 
a novel proposition, for it has been discussed for a number of 
years. It involves a good many questions, some of them 
going back to the central station. It may be advisable in the 
end to adopt for alternating-current operation this periodicitv, 
and I ventured months ago to predict that the largest 25-cvcle 
railroad enterprise now carried on would adopt a lower fre- 
quency. 

In view of the fact that reduction of frequency, which brings 
a motor more nearly to direct-current conditions, is now acknowl- 
edged and advocated as an essential, I find some difficulty in 
reconciling myself to that subtle reasoning which holds that 
because a motor is to be run on a part of its route from direct- 
current supply it is better that it should be designed for the 
higher frequencv. 

While in entire sympathy with everv practical development, 
I care not bv what means or along what lines, I have opposed, 
and will continue to oppose anv basis of camparison which 
assumes as worthy of the fullest credence any and every claim 
made for single-phase alternating motors, while denying either 
the possibility, practicability, or impo:tance of the utmost 
development along direct-current lines, whether used for over- 
head or third-rail construction. 

During the last 19 years I have advocated many radical 
developments on the floor of this Institute, with what results the 
gentlemen present are famihar. Now, rightly or wrongly, my 
name is particularly identified with efforts toward higher 
voltage direct-current operation, even with the third-1ail. 
I willingly accept the sponsorship of that development, and in 
answer to Mr. Arnold venture to assert that, so far as public 
sentiment or restrictions are concerned, while it 1s quite possible 
that the continued introduction of an exposed top-contact 
third-rail will be condemned, as 1t ought to be, it 1s quite as 
likely that high-voltage overhead lines, often in close proximity 
to highway bridges and crossings, and in possibly dangerous 
proximity to the general public at city terminals, will come 
under the ban as that a well protected under-contact third-rail 
will do so. 

Further, I will take direct issue with Mr. McClellan, and 
venture to prophesy that third-rail installations will still proceed 
with a good deal of regularity. 

I am quite sure that many of the critics of the direct-current 
development are not as familiar as they might be with what 
has been done in this line within the last vear or two, especially 
in commutating-pole construction and gearless motors. The 
former, one of mv early babies, and now a vital feature in single- 
phase alternating-current motors, has been reduced to practice 
with direct-current motors with such success that I fully confirm 
Mr. Potter's statement as to its efhciency. To my personal 
knowledge, four-pole motors of this tvpe, varying from 40 to 
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240 h.p., normal hour capacity, will operate, so far as commuta- 
tion is concerned, at excess voltages of 75 or 100% with entire 
freedom from all commutator disturbance. This improvement 
alone is one of the most remarkable in electric motor construction 
in recent years; and directly dependent upon it is the possibility 
of a return to my earlier methods of varying speed and torque 
of a motor by varying the field-magnet strength, a principle now 
in common use in variable-speed shunt motors, and which is 
equally applicable to series machines. This addition of a shunt 
to the series field has an important bearing upon the comparisons 
made by Mr. Muralt. The ѕелеѕ motor is no longer a machine 
with a fixed curve, but one with a very wide range of speed 
and torque control. 

In connection with the other important developments, it 
would be unjust to omit mention of that modest engineer, 
Mr. Batchelor, who, Columbus-like, by one bold stioke created 
a departure in gearless machines, individual to direct current 
work, which is of the utmost importance, and which has re- 
ceived its very practical proof and demonstration, much to the 
surprise of many critics in this Institute, in the locomotives 
recently built for the New York Central Railroad. 

As most of you are aware, these are gearless machines in 
which the previously accepted axiomatic principle of fixity of 
relation between field and armature was abandoned, the latter 
being mounted directly on the axle, and the fields being carried 
upon, and as an integral part of, the locomotive frame, supported 
by its springs and hence moving freely, irrespective of the 
armature. Not only gears, but armature and axle-bearings are 
all dispensed with, and the acme of simplicity in motor construc- 
tion reached. If desired, the armatures of course can also be 
springborne. 

It may interest those who have somewhat cynically questioned 
1200-volt direct-current operation, to know that the General 
Electric, the Westinghouse, and the Electro-Dynamic companies 
have all either taken, or bid for. contracts requiring the use of 
motors at this potential. 

On the matter of standardization, perhaps I can add a few 
words. Toacertain extent some things take care of themselves. 
The height of a trolley wire is dictated by the necessity of a 
clear height above a man on a freight car, and is about 22 ft. 
There can, of course, be considerable variation from this without 
in any way interfering with actual operation. The location of the 
third-rail, with center 28.25 in. from the gauge line, and with a 
working surface from 2.75 in. to 3 in. above the rail, has been 
practically accepted, as per suggestion sent out a long time ago 
by Vice-president Wilgus of the New York Central Railroad as 
chairman of that road's electric commission. 

I suppose I ought to feel flattered to see the universal testimony 
to the benefits of multiple-unit operation; but some of the 
speakers outdo the parent in love for his child, and have com- 
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mitted themselves to recommendations of an extreme character. 
Here, too, there is little to be said 1n the matter of standardization. 
I.settled that nine years ago when I created a train line com- 
posed of sections carried upon, and terminating in couplers on 
each car, and joined by reversible jumpers between the cars— 
all constructed, connected, and located so that cars could be 
connected up in any required order, number, or sequence, and 
indifferently as to end-relation; and the  master-controllers 
connected therewith had like characteristics with reference to 
track movement. One of the essential features of this train 
line is the relative location of speed- and direction-controlling 
wires, the former unchanged 1n any connection, and the latter 
reversed in connection when cars are reversed. Would-be im- 
provers departed from the essential five-wire svstem, abandoned 
automatic control, and introduced for a time additional individ- 
ual wires for various rheostatic steps in the speed control, as on 
the elevated railway in this citv; but the progress of events is 
carrying them all back to the original lines which I laid down. 
Practical experience, however, leads me to oppose the introduc- 
tion into a train line of wires for trunk-line connections, heating, 
lighting, or brake-control. 

I am not able to get up any enthusiasm about a proposition 
to equip the freight cars of the country with train lines. While 
the control of two distantly placed freight locomotives would at 
times be useful, it is not vital, nor are there the same reasons 
which make simultaneous control of motor cars in passenger 
trains essential. 

Certainly no train operation would be conducted without 
competent men on locomotives which are distantly removed 
from each other. Moreover, in view of the universal interchange 
of freight cars, even if the majority of them were equipped with 
train lines the introduction of a single one without such an 
equipment would make useless the balance, and the switching 
necessary to avoid this would be objectionable. The possible. 
advantages cf such an equipment are vastly more than offset 
by the enormous cost. 

Calvert Townley (by letter): The tabulation of distributed 
opertaing costs of steam roads, contrasted with the estimated 
costs which it is expected will obtain when steam roads shall 
have been electrified, 1s interesting, and the conclusions reached 
are in line with what electrical engineers very generally believe. 
I am not sanguine that this tabulation will be given material 
weight by the men whom it is most desirable to convince; 
namely, the steam railroad operating officials. Such men, as a 
class, attach, and properly I believe, much greater weight to 
statistics showing what has been accomplished than to any 
figures showing what it 1s expected will be accomplished, no 
matter how logical these latter figures may be, or with what 
care and satisfaction to the compiler they may have been pre- 
pared. It is also perhaps unfortunate that in the comparison 
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of the operating costs, the authors of the paper should have 
omitted any figures on fixed charges. Naturally, such charges, 
resulting as they would from investments needed to electrify, 
will increase the total expenditures under electric operation, 
and will act to offset in varying degrees the estimated savings 
which Messrs. Stillwell and Putnam have taken. To the man 
who is unable to estimate what will be the investment required 
to electrify, this may unfortunately be interpreted to indicate 
a dread on the part of the electrical engineer that a complete 
comparison of all expenditures for both methods of traction 
should be made. There is, furthermore, a deeply rooted feeling 
that the depreciation in electrical equipment due to the re- 
placement of one type by another, so-called amortization, is 
much higher than is the case with steam equipment, and there 
is only one way by which such conviction 1s likely to be re- 
moved; that is, by the actual demonstration in practice that 
the amount chargeable to amortization is small. 

With the principle enunciated by Messrs. Stillwell and Putnam 
on standardization, I am thoroughly and heartily in sympathy; 
but in the words of an engineer with whom I discussed this 
matter, I believe we should only undertake standardization 
when we have something to standardize. Standards are 
artificial only to a limited degree, and no edict of the Institute, 
or of any other body, can successfully long maintain a so-called 
standard against something better, or when greater advantages 
can be obtained by departing from the avowed standard. I 
cannot but feel that the Institute would lay itself open to serious 
criticism if it should undertake, for example, to establish a 
standard frequency for electrically equipped steam railroads, 
when there is no single electrified steam road in this country 
operated by single-phase current. Particularly would this 
be true if they should adopt a standard different from every 
single-phase trolley road now in operation, or in process of 
being equipped in this country, and having as a basis for such 
adopted standard only the calculations and experiments of the 
engineers of the manufacturing companies, extending over but 
a short period of time. The best type of equipment for the 
electrification of steam roads will ultimately prevail; but it will 
prevail by practical demonstration as to its fitness, and in no 
other way. I should regard it as far better that a few railroads 
should spend some extra money in later changing the equipment 
which they may have adopted, rather than that some important 
development in the art should be hampered or prevented 
because of a decision made now on insufficient evidence. If 
the authors of this paper should now advise their clients to 
adopt something which later may be found to be one of the 
"^ discards from the deck," they would only have taken a chance 
which other engineers have taken before, are taking to-day, 
and must continue to take for some time to come. 

With respect to the advantage of 15 cycles or any other 
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modification of a standard frequency that may be suggested, the 
burden of proof obviously lies with those advocating the change; 
to receive serious consideration, reasons for the change 
must be weighty and the evidence supporting them fairly 
conclusive. In the present instance, the arguments advanced 
in favor of 15 cycles are essentially two: first, the lower fre- 
quency permits a lighter and more compact motor; and secondly, 
the induction in the line and track are reduced. Of these two 
reasons, the first is. advanced as the controlling one. Every 
other consideration is confessedly adverse. It is, therefore, 
pertinent to inquire, in fact we must know, to consider the 
subject intelligently, how much smaller, lighter, and cheaper 
the lower-frequency motor is to be. In undertaking to procure 
this information, however, we are at once confronted with 
embarrassment. There being no 15-cycle equipments in exis- 
tence in this country it is not surprising that the Westinghouse 
engineers hesitate definitely to predict what will be their relative 
weight, cost, etc., when they shall have been constructed to 
meet the necessary widely varying specifications that will 
certainly be forthcoming as soon as the electrification of steam 
roads is fairly under way. 

In considering the electrification of the N.Y.N.H.&H.R.R. 
Co., plans were submitted by the Westinghouse Elec. & 
Mfg. Company for both 15- and 25-cycle passenger loco- 
motives. designed to perform identically the same service. 
Here, then, we have a definite statement of the relative charac- 
teristics of the two types applied to a concrete case, and carefully 
worked out. The figures include, moreover, not only a com- 
parison of motors, where the 15-cycle is lighter, but also of the 
transformers, where the 15-cycle is heavier, and, further, of the 
other parts of the locomotive, which are affected variously and in 
different degrees. It was found that the 15-cycle machine had 
the advantage of 5.2% in weight, about 3% in cost, and was 
slightly better as to its efficiency and power-factor. I have 
been told that the specifications in this cases were not such as 
to permit full advantage to be taken of possible 15-cycle con- 
struction, but the specifications imposed absolutely no limitation 
in this direction that was not fixed by the operating conditions. 
I am further advised that there have been subsequent improve- 
ments in 15-cvcle motor design that now warrant better claims 
for it, and that in consequence the present difference of weight 
of locomotives may perhaps be nearly 10%, or, in some cases, 
and under varying conditions favorable to 15 cycles, even more. 

If the locomotive weight may be said to average 30° of the 
total train weight, the use of a locomotive weighing 5.205 more 
will add 1.56% to the total train-tonnage. ` Similarly, ten per 
cent. increase in locomotive weight will add 3% to the total 
train-tonnage. In freight service the ratio of locomotive 
weight to train weight being less, the increase in total tonnage 
due to additional locomotive weight would be correspondingly 
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smaller. These additional weights, while undoubtedly unde- 
sirable, could hardly be considered controlling or as constituting 
a sufficient offset to the serious objections of a changein standards, 
even if such change were not coupled, as it is, with the attendant 
disadvantages to power station construction in lighting, and 
in the use of auxiliaries of all kinds. 

The statement that there have been recent improvements in 
15-cycle motor design is interesting as an indication that the 
last word in single-phase motor design has by no means been 
said; indeed, it would be a most remarkable condition of affairs 
and decidedly contrary to the history of every other electrical 
development were it otherwise, whether the motor be designed 
for 15 cycles or for any other frequency. 

In the light of these facts, with our high-priced prosperity 
labor and a soaring material market, it is obviously dangerous 
even to attempt to state the difference which we may reasonably 
expect will obtain between the cost, for example, of motors of 
two different frequencies when the dust settles. On this account 
it appears to me impossible seriously to consider or to attach 
much weight to the comparative-cost figures presented by 
Messrs. Stillwell and Putnam for the possible future electrifica- 
tion of the entire railway sytems of the United States. 

In this connection it may be proper to point out a future 
possibility that has not been touched upon, but which may 
prove to be an important factor in the frequency question. An 
engineer who has been familiar with trolley practice only, and 
who studies steam railroad electrification for the first time, 
may be pardoned if he is surprised as the comparatively small 
amount of power required by the steam, and he 15 likely to be 
further astounded, and perhaps appalled, at the high peaks 
and wide fluctuations 1n load. These conditions do not make 
for the economical generation of power, but on the contrary 
impose an abnormally heavy fixed charge to cover capital 
sufficient to handle peak loads, and an unduly large operating 
cost for the additional force necessary to operate a station to 
handle peak loads, the average output of which station is, 
however, but a small per cent. of its capacity. It is possible 
that Messrs. Stillwell and Putnam had this feature before them 
in suggesting the distribution of power 150 miles іп each direction 
from centrally located power houses. However, I am not able 
to justify the general adoption of such a plan, either on the 
score of expense or of reliability, though there may sometime be 
found a particularly favorable case where power can be generated 
from steam and economically transmitted this distance. I am 
confident, however, that a much smaller initial investment will 
be required, and a considerably lower operating cost will obtain, 
if smaller stations are installed at much more frequent intervals. 
I believe that such a plan will be found more economical, even 
with the reduced load-factor thereby entailed. But the question 
of load-factor brings me to the future possibility above referred 
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to, which is this: as soon as the railway manager discovers 
that in order to make cheap power he must make it in larger 
quantities than his road can use, and that his station must also 
have a good load-factor, he will utilize his good railroad credit 
in the direction of establishing larger power plants than he 
himself needs, and he will sell quantities of cheap power to 
neighboring industries, therebv affording them the advantage 
of such power at lower rates than they could themselves produce 
it, and securing for himself, not only cheap power for his own 
use, but a profit on the sale of the surplus. 

Twenty-five cycles 1s a standard and a satisfactory frequency 
for induction motors in industrial establishments and for syn- 
chronous converters where direct-current trolley systems are 
in operation. Fifteen cycles is likewise applicable to such service 
but is concededly not so good, and it is not at present a standard. 
Should it become so, the cost of transformers for use with it will 
be materially greater than the cost of transformers for 25 cycles— 
perhaps somewhat in the neighborhood of 40%, more, and the 
frequency is not one that affords as great a flexibility in the 
speeds of the induction motors supplied by it. 

In the light of the foregoing, the following seem to me clear: 

1. That it would be wrong to undertake to establish a standard 
frequency for single-phase railway operation at the present 
time. 

2. That even after it has been credited with all the estimated 
advantages claimed for it, a 15-cycle frequency has not yet 
made out a case entitling it to general preference. 

Ralph D. Mershon (by letter): It seems to me that we should 
go slowly in the matter of adopt'ng a standard frequency for 
traction work. The reasons for caution in this matter are pretty 
well set forth in the paper, but there is one of the considerations 
touched upon which will, I believe, before long have consider- 
ably more weight than at present. This consideration is that of 
the use of induction motors for traction purposes, especially 
motors whose speed characteristics may be varied by a change 
in the number of poles, In the case of such method of speed- 
control, a higher frequency than 15 cycles is desirable as giving 
greater flexibility in the range of speed. It seems to me it 
would be much better to wait until the lines of development of 
traction work are more cleaily defined than at present before 
adopting as standard a frequency lower than 25 cycles. 

H. M. Brinckerhoff (by letter): The wide field covered by this 
timely paper and the broad lines on which the authors have 
laid out their general argument deserves a much more careful 
analvsis and discussion than was possible at the meeting at 
which it was presented. А brief written contribution, giving 
some additional data upon some points contained in the paper 
or referred to in the verbal discussion may therefore not be out 
of place. 

The first of the four points enumerated by the authors; that 


1907] DISCUSSION AT NEW YORK 281 


" the record of certain facts relative to heavy electric trac- 
tion which have been established by experience " brought out 
in the discussion various references to one of the items that 
might be further elaborated upon. 

The record of the results obtained on the Manhattan Elevated, 
Subwav, and various interurban railways are used as a basis of 
comparison upon which to estimate operating costs for steam 
railway electrification. One of the most frequent criticisms 
offered by steam railway men is that the period of operation of 
electric installations has been too short to show fully the cost 
of repairs and renewals, such as are found in similar items in 
long established steam railroad operation. 

The earliest heavy electric railway system is the Metropolitan 
West Side Elevated Railway in Chicago, which was the first 
to operate commercially with the third-rail. Starting in April 
1895, nearly twelve years ago, it operated with one motor car 
per train until 1905, then the multiple-unit control was adopted 
and a second motor car used on four and five car trains, instead 
of one as previously. 

The total cost of operation per car-mile on this road, starting 
at about $0.075 in 1896-7-8, showed small fluctuations up to 
1905, when it was $0.0931, the highest single year being $0.0971 
and the average for the ten vears $0.0836. Here then we have 
a system in its tenth vear showing a cost per car-mile for all 
expenses, omitting taxes only, which compares with the steam 
locomotive operation of the South Side Elevated of Chicago of 
$0.106, the Lake Street Elevated of $0.1174 and the Manhattan 
Elevated of New York of $0.1198 per car mile. The increase 
noted for electric operation on the Metropolitan from 1895 to 
1905 is partly accounted for by considerable increases in rates of 
wages and cost of fuel and general supplies. 

As the writer was connected with this road from the start, 
and general manager for six years prior to 1906, he states on 
his personal knowledge that the tenth-year costs included re- 
newals in all the items—ties, rails, frogs, and switches, repaint- 
ing cars, renewals of armatures, commutators, gears, pinions, and 
all the various items that might be said to have a considerable 
first life. The fear very naturally entertained at first, that after 
a certain period the renewals would become excessive, has not. 
been realized, even after a ten years’ term of constant heavv 
service. The costs are greater the tenth year than the first or 
second, but are still 2505 or 30% below corresponding costs of 
similar steam locomotive operation. At the same time the 
service has been immensely improved in speed, frequency, and 
general desirability. 

While it is difficult to compare electric car-mile statistics with 
steam railway train-mile figures, the facts here noted certainly 
support the contention of Messrs. Stillwell and Putnam for 
Operating costs at least 20% lower for electric than for steam 
operation under favorable average conditions. 
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In using the general average results in the carefully prepared 
tables of statistics presented by the authors, the danger of 
applying general averages to specific cases should be clearly 
pointed out. An average is simply the mean value of two or 
more amounts, and this average value may vary so greatlv from 
some individual figure on the list from which it is derived as to 
make a specific application based upon it very misleading. 
General averages are valuable for general broad considerations. 
but specific cases must be analyzed and determined upon in their 
individual conditions. 

In their estimates of the costs, the authors have assumed 
the universal use of single-phase alternating-current apparatus. 
In the discussion at the meeting it was contended that this as- 
sumption was too radical, since no single-phase installation of 
this character has begun actual service. On the other hand, 
some speakers criticised the idea and use of the third-rail system 
as out of date. All past experience shows that a radical inno- 
vation is not in itself necessarily bad, neither should an existing 
successfully operating system, whose limitations have been 
demonstrated under service conditions, be broadly condemned 
on these points alone. The present existing heavy electric trac- 
tion systems are the result of development along a line radically 
differing from the previous lighter forms of street and other 
railway apparatus, but this has not prevented the enormous 
extension of the older lighter form in the field for which it is 
adapted. 

As the writer happened to be engaged upon the design of the 
original third-rail installation for the Intramural Railway at 
the Columbian Exposition in Chicago during 1892-3, and joint 
patentee of the various devices then developed, he feels author- 
ized in saying that no claim was then made that the only true 
and correct solution. of the electric railway problem had been 
evolved. Certain conditions had to be met—a light elevated 
structure of limited dimensions and clearances, trains of four 
cars to carry dense passenger traffic, with stations close together, 
and demands for the highest possible speed and regularity of 
operation. 

This problem was then absolutely new. That the system 
was evolved, the apparatus designed, installed, and put in opera- 
tion in less than eight months, and fourteen four-car trains on a 
line about three miles long, carried successfully from 100,000 
to 125,000 passengers in davs of 14 to 15 consecutive hours, 
does not call for any apologies from those connected with this 
work. 

The use of the third-rail itself. was brought about by the 
necessity for collecting large amounts of electric current from 
4 stationary conductor bv apparatus attached to moving cars. 
The decision to use a large cast-iron shoe shding on a steel 
ail was met with many predictions of failure; the result is a 
matter of history. .. 
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The problem met in 1893 is presented to-day, changed only 
in magnitude. The solution then evolved accomplished its 
purpose so successfully that in the year 1906 the third-rail svs- 
tem of the U. S. hauled close upon 700,000,000 passengers, at a 
cost fully 20€, below what it would have been with steam. 

The writer does not wish to be understood as advocating the 
whole sale installation of the third-rail on all the steam railwav 
systems of the United States. It has a field, however. of its 
own which it is occupying successfully. That it has been found 
to have objectionable features in certain cases 1s not surprising ; 
on the contrary the variety of conditions which it has success- 
fully met is rather remarkable. 

When we discuss the broad problem of electrifying trans- 
continental railway systems, the added magnitude of the prob- 
lem involves the further conditions of great distances and large 
and infrequent train units. The obvious course to pursue 
under such conditions is to raise the voltage on the working con- 
ductor, and that this involves overhead contact is very apparent. 

In examining the many forms of alternating-current single- 
and three-phase lines in Europe last winter, the writer could 
not but help noting a number of details which are pertinent 
to this discussion. The use of the relatively high-voltage trolley 
is successfully accomplished and the insulation of the high- 
tension-side of the apparatus on the car 1s not seriously trouble- 
some. It is also true that a system like the Valtellina Line in 
northern Italy performs all the functions of a steam railway 
system. Trains of through freight, local freight, express pas- 
senger trains, local passenger trains, excursion and specials are 
run, with interchange of cars and trathe, with the steam railway 
systems of the country. 

There are some points upon which we must be on our guard, 
however, in making comparisons. Continental railway road- 
beds are very superior, as a rule, to the average in America, 
nor have they the immense and complicated freight-yard lay- 
outs and intricate switching problems seen on our lines. The 
cars are much lower and very light compared with our freight, 
passenger, and Pullman cars. Wages are much lower and the 
demand of the public as to quality of service not so severe. 

All these must be allowed for in using their cost figures. What 
thev have accomplished in various lines is very instructive and 
interesting, and it is flattering to know that the incentive 
vigorously to develop single-phase railway equipments now 
being pushed by some of the largest firms in Europe came from 
reports of American effort in this line. 

The authors’ third point: '" Importance of Standardizing 
Electrical Railway equipment as rapidly as may be consistent 
with progress ” is certainly timely and well taken. Upon the 
assumption of ultimate universal electrification of the entire 
railway systems of the country, it 1s well to note that the inter- 
changeability at present effective on the steam railways does 
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not mean actual identity of apparatus, but sufficient similarity 
to insure coupling, hauling, heating, and renewal of parts such 
as journal brasses, etc., upon all lines. 

As there is now a variety of types of locomotives on connecting 
systems and these are operated, generally speaking, on their 
own lines, so it should be possible to operate through passenger 
and freight business entirely by standardizing the few items 
mentioned, and yet retain the advantages of motive power ap- 
paratus of different types specially suited to meet certain local 
conditions. 

The great flexibility thus far shown in the development of 
electric railway apparatus, such as the use of the third rail on 
private right-of-way and overhead trolley upon streets; and 
running alternating current on one part and direct current on 
other parts of a line with the same cars, are only indications of 
the possible interchangeability of svstems of apparently hope- 
lessly divergent characteristics. The two classes, freight and 
heavy Pullman or passenger cars, are, broadly speaking, the 
through equipment. Оп neither of these is it likely to be 
found desirable or economical to install individual motor equip- 
ment and multiple-unit control. The local and suburban 
trains, with multiple-unit control, will not leave the parent 
system. Interchangeability then of the through equipment does 
not prevent the selection locally of the most desirable motive 
power system, provided the present degree of standardization 
common in steam railway practice 1s adhered to. 

During the present period of development and adjustment of 
electric traction to steam railroad conditions, the existence and 
advocacy of different types of apparatus brings to the problem 
a spirit of emulation and competition that is tending to greater 
perfection of detail and much more rapid progress than would 
be the case were all engineers working on a single type. The 
fact of honest difference of opinion by men striving to meet 
certain specific conditions successfully is not a sign of weak- 
ness as some doubters would have us believe, but a strong argu- 
ment for the broad applicability of electric power. 

А.Н. Babcock (by letter): The salient points of the paper 
seem to me to be the statement that the alternating-current equip- 
ment is the only class of equipment deserving serious considera- 
tion in connection with the general problem of heavy traction. 
the question, “© where ten years from to-day, will be the 1200- 
volt of 1500-volt direct-current system? " and the plea for 
standardization of 15-cycle apparatus. 

It is to be regretted that at present there is not available 
any detailed information covering the actual operating 
data (such as follows) on the few single-phase roads now 
in operation. In one of the cases that has come under 
my personal notice, three passenger cars and two work cars are 
operated. The passenger cars are equipped with from 100 h.p. 
motors and weight equipped, but not loaded, 40 tons. The work 
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cars have four h.p. motor equipments and weigh somewhat less. 
Power is purchased at three phase 60 cycles, is converted to 
single phase 25 cycles, is metered and paid for at the rate of 1} 
cents on the three-phase side of the converting set. Measured 
here, the following figures were obtained for one month's opera- 
tion last fall. 


Average tonnage per car operated............ 36.25 
E watt-hours per ton-mile............ 153 
ш cost of energy per car-mile........... 6.92 cents. 


kilowatt-hours per passenger car-mile..6.12 
cost of energy per passenger car- 


оо ЖИККЕ КККК tam tA ro СЕ Г dore uut 4.65 cents. 
It should be noted that the foregoing figures are for power 
alone, without any fixed charges or other expense. With a 


total of five cars of all kinds under operation, eight men including 
the foreman, were needed and employed in the car house on 
motor-car repairs, with two more men available for emergencies. 

Is this sort of thing “ the only class of equipment deserving 
serious consideration in connection with the general problem 
which we are discussing? ” 

If this road had been equipped with 1200-volt direct current, 
under the same operating conditions and losses in transmission as 
are now made, the energy per ton-mile would have been 107 
watt-hours as against the 153 actually recorded, and the monthly 
cost of energy would have been reduced in proportion. 

It is safe to say that the 1200-volt or the 1500-volt direct- 
current system will be heard of in ten years, if the single-phase 
system is not developed far beyond the inefficient. case cited 
above. 

With reference to standardizing 15 cycles, it may be remembered 
that the first installation proposed called for 163 cycles. After- 
ward 25 cycles was made the standard in order to fit existing 
apparatus, and we were informed that the change in frequency 
made no difference. Now we are informed with equal positive- 
ness that 15 cycles is to be the panacea, and this in spite of the 
fact that not one 15-cycle installation is in operation in this 
country. An engineer responsible for the expenditure of large 
sums of money may well hesitate about standardizing anything 
in a field where the very first development has yet to be made 
and proved. 

It is not my intention to appear to condemn the entie single 
phase system on the showing of the one road the operating 
costs of which have been investigated by me; nor is the fact 
that 1200-volt direct-current motors have been specified by me 
for a large suburban service to be taken as a declaration in favor 
of high-voltage direct-current as a substitute for single-phase 
in all cases. The right is reserved to choose for every specific 
case the type of apparatus best adapted. 

All engineers in a similar position must regret the absence 
of published accurate disinterested information on the operating 
costs of the few single-phase roads now in operation. 


286 ELECTRIC MOTOR vs. STEAM LOCOMOTIVE  [Jan. 25 


W.S.Murray (by letter): Upon the belief that the two 
departments in which the greatest economies to be derived in 
electric versus steam operated trains are fuel and locomotive 
repairs, it has been my effort during the past eighteen months 
to secure absolutely reliable data in these two departments of 
cost concerning the steam operated trains of the New York 
Division of the New York, New Haven, and Hartford Railroad 
Company. 

FUEL. 

Ton-miles are produced in several classes of service, viz: 

1. Passenger express. 

2. Passenger express-local. 

3. Passenger local. 
4. Freight. 


TABLE 1.—ExprESS PASSENGER SERVICE. 
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832 | 2,782 |301,384! 573.5 11,556,730 | 73,100 1.12 11,545,000 10 195) 4.40 

841 | 2336 1215.530 480.7 11.123.050 53,150 1.06 1.123.000 /|0.192!| 4.34 

Avg.| 2,559 |258,607 | 527.1 1,339,890 63.125 1.06 1,334,000 0 194! 4.37 

LocaL EXPRESS PASSENGER SERVICE. 

| | | "M vi EM | {| 

1262 | 3,160 | 295,038 | 303.0 914,330 63,900 4.62 894,000 P 4.5 
1258 | 2,644 264,138 | 302.2 795,182 | 57,000 | 4.64 794,500 10.330 4.54 

| ! | 
1272 Lane 353.396 | 351.5 | 1,147,520 | 80,000 4.42 | 1,114,000 |0.317; 4.36 
1571 1,890 | 187,180 | 307.8 577,929 | 40.600 4.61 566,000 e 4.55 
1574 1.938 | 216.583 | 306.4 503.838 42,500 5.10 593.000 0.366 5.04 
Sed abi | == = x сыш oie ы ты ERAS E ышы ee aie Se 
Average | 2.623 | 268.267 | 314.2 805,760 , 56,800 | 4.6 792,300 |0.335| 4.61 
| , 


A 


An interesting and valuable query is, what íraction of a 
pound of coal is consumed in producing a ton-mile in any one 
of the above services? Tables 1 and 2, following, show that 
it takes 0.169 Ib. of coal, 0.194 Ib. of coal, and 0.335 Ib. of coal 
to produce a ton-mile in freight, express passenger, and express 
local passenger service, respectively. 

It will be further noted that in the above tables there is given 
the pounds of coal required per indicated horse power hour for 
the passenger service. The ten heads under which the com- 
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pilation of these tables were made show, in order that these data 
be absolutely reliable, the following conditions must be satisfied: 

1. Exact mileages measured. 

2. Exact weight of tonnage hauled. 

3. Exact weight of coal burned. 

4. Maximum continuous number of indicator diagrams 
taken to determine indicated horse power. 

5. A sufficient number of days of continuous test to assure 
average results. 

1. Exact Mileages Measured. The zone over which the test 
was conducted was the New York Division of the N. Y. N. H. 
& Н. К.К. Co. and all trains runs had specified terminals within 
the zone, the mileages of whch are measured. 

2. Exact Weight of Tonnage Hauled. The engines, twenty 
in number, and all cars included in the test were in the regular 


TABLE 2.—FRBIGHT SERVICE. 
EDU | 


АК weight Total ton- miles 


Mileage of | Pounds of of train. of train, including |Pounds of 
Locomotive [in 18 days  in18 Ed колы for 18 days Cons 
| х. 
300. . 1.557 230.376 930 1.446.865 0.159 
301. 1.153 184,836 661 761.755 0.242 
325.. 1,592 231.366 696 1.108.615 0.209. 
373.. 2,010 237.006 1,060 2.129.575 0.111 
382.. 2.018 | 304,044 1,240 2,495,072 0.122 
386. . 1.274 | 220.680 731 930.792 0.237 
448. . 2.272 413,106 1.255 2.850.046 0.145 
453..........] 2.350 255.444 872 2.053.142 0.124 
Average..... ‚| 1,778 5 259.607 931 | 1.721.983 0.169 


log of the mechanical superintendent and the superintendent 
of car service, with measured weights. 

3. Exact Weight of Coal Burned. Each of the twenty engines 
coaled from an individual car, the weight of the coal therein being 
measured immediately before and after the test, the coal cars 
being placed at the regular coaling points of the locomotives. 

4. Maximum Continuous Number of Indicator Diagrams Taken 
to Determine Indicated Horse Power. А continuous set of indicator 
diagrams were taken on a locomotive for both express and 
express local runs between Woodlawn and New Haven. A 
wind-shield was erected over the left cylinder of the locomotive, 
and the following scheme of indication adopted, viz: 

a. One minute allowed for changing cards on steam indicator. 

b. Six diagrams per minute to be taken on the same card. 
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c. Two minutes to be devoted to taking cards. 

d. Interval between cards, twenty seconds. 

It will be noted that by this method on each indicator card 
there were obtained twelve indicator diagrams; six for each end 
of the cylinder. The average mean effective pressure of these 
cards was taken to secure the indicated horse power for the 
cycle of three minutes above described. This three-minute 
cycle of 66% card indication, was practised several days until 
perfect runs were obtained between Woodlawn and New Haven, 
east and west. Then five continuous east and west runs were 
made for both express and express local service, and an average 
indicated horse power per ton for each class of service was 
obtained. By this method of continuous indication throughout 
all parts of the division, both east and west, the results would 
seem to be accurate. 

5. A Sufficient Number of days of Continuous Test to Secure 
Accurate Results. Eighteen days were considered sufficient. 


TABLE 3. 
BN MN NAM M [Ss 

Saving of 

| Tons of coal Tons of coal, Cost of coal | Cost of coal | electric 

Ton-miles steam electric steam electric over 

per annum traction traction traction traction steam 

traction 

Express. ..| 592.240,000 57,447 | 29,870 $183,830 $89,620 $94,210 
Express loc| 348,000,000 58,300 28,600 186,560 85,800 100,760 
Express frt|2,223,000,000| 187,844 139,010 563,530 417,030 146.500 

| 
| $341,470 


The test was conducted during the month of August. The 
track and temperature were favorable to steam locomotive 
traction. 

Table 3 shows the relative amounts of coal required for 
electric vs steam locomotive traction. In the former case the 
coal as measured in the electric power house; in the latter as 
measured in the fire-boxes of the locomotives. The cost-item 
is interesting in this table, indicating that the New York Division 
when operated by electricity will show a saving by coal alone of 
$341,470.00 per annum. 

It is to be noted that the pounds of coal per indicated horse 
power hour is not simply the weight of coal used to accomplish 
an individual engine run, but the weight used in an all-day 
service of 24 hours, which includes the time the engine is idle. 
As the engines are indicated for a given revenue run, this weight 
of coal might be well termed: The pounds of coal per revenue 
indicated horse power hour. 
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b. Locomotive Repairs. Table 4 is a typical sheet showing 
the scheme of accounts kept on each of the twenty locomotives 


TABLE 5. 
Mileage Total | Cost of | Total cost Total cost et iere 
made by | cost of | repairs of of maintenance | and maintenance 

locomotive кз pei mie man enenge per nuie per m 

Aug. '06] 22,342 |1323. 5.02 , 292. 1.31 7.23 
July '06| 22,843 11140. 4.99 257. 1.12 6.11 
June '06| 26,570 920. 3.46 326. 1.23 4.69 
May '06| 32.678 825. 2.52 451. 1.38 3.90 
Apr. '06| 22,500 438. 1.95 367. 1.63 3.58 
E Mar. '06, 24,984 351. 1.40 335. i 1.34 2.74 
= |Feb. '06| 24.788 |1254. | 5.05 353. | 1.42 6.47 
2 Jan. '06| 29.848 |5150. 17.26 433. | 1.45 18.71 
Dec. '05| 24017 |2961. 12.33 362. | 1.51 13.84 
Nov. '05| 29.528 |2029 6.87 455. 1.54 8.41 
Oct. '05| 19,523 12050. 10.50 305. | 1.56 12.06 
Sept.'05| 19.825 |1568. 7.91 320. 1.61 9.52 
Total...| 209,446 |20009. | 80.16 „4256 17.10 97.26 
Average per mile... 6.68| 6.68 1.42 | 1.42 8.10 
Aug. '06| 32,409 |2674 8.25 | 638. 1.96 10.21 
July '06j 32.199 373. 1.15 561. 1.74 2.89 
June '06| 35,272 612. 1.74 583. 1.65 3.39 
May '06, 34,833 5129. 14.70 674. 1.93 16.63 
Apr. '06| 31,395 429. 1.37 554. 1.77 3.14 
æ Mar. '06) 33,332 | 743. | 2.23 | 575. | 172 3.95 
z Feb. '06| 26.428 11040. 3.93 475. 1.76 5.69 
2 Jan. '06| 37,008 385. 1.04 637. 1.72 2.76 
n Dec. '05; 31,977 | 830. 2.63 552. 1.73 4.36 
Nov. '051 43.485 |1338. 3.08 681. 1.56 4.64 
Oct. '05| 37,394 |1172. 3.13 615. 1.65 4.78 
|Sept. '05| 41,304 |1376. 3.33 621. 1.50 4.83 

| rotat. ..| 417,036 |16121. | 46.58 7166. 20.69 67.27 
3.88 1.72 1.72 5.60 


eee per mile...| 3.88 


for a period of one year. The sheets selected are those showing 
the maximum and minimum months for freight and passenger 


engines. 
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Table 5 1s a complete compilation of the twelve months of 
locomotive repairs and maintenance. 

This investigation leads me to the two following conclusions: 

1. For a mixed freight and passenger service the same gross 
draw-bar can be produced by the single-phase method of traction 
for 60% of the coal required by the steam method of traction. 

2. Locomotive repairs are between three and four times as 
great for steam as for electric locomotives. 

L. B. Stillwell and H. S. Putnam (by letter). The paper 
which we had the honor to present at the two hundred and thir- 
teenth meeting of the American Institute of Electrica: Engineers, 
as stated in its first paragraph, had four objects. 1, To record 
certain facts relative to heavy electric traction which had been 
established by experience; 2, to present calculations of re- 
lative costs of steam and electric traction in railway service 
based upon these facts; 3, to point out the transcendent im- 
portance of standardizing electric railway traction equipment 
as rapidly as may be consistent with progress: and 4, to raise the 
question whether a frequency of 25 cycles per second or 15-cycles 
per second should be adopted in railway operation by alternating- 
current motors. 

Our purpose in working out and presenting detailed calcu- 
lations of relative costs of operation by the steam locomotive 
and the single-phase motor was to secure for ourselves and 
others a comprehensive view of the great problem which railway 
engineers to-day are called upon to consider—a comprehensive 
view being obviously a requisite first step toward an adequate 
and satisfactory general solution. To realize the magnitude of 
the problem and the advantages in respect to increased earnings 
and decreased operating costs which in general will result from 
the substitution of the motor for the steam locomotive, is to 
recognize the fact that railways are destined to use electricity 
upon a scale which demands a general solution and to appreciate 
the importance of prompt standardization of the frequency 
chosen for alternating-current work. 

While expressing the belief, that as compared with 25-cycles 
‘a frequency of 15-cvcles is preferable and should be adopted 
for heavy electric traction, " we stated that our object was 
rather to present the question of frequency for discussion than 
to advocate the adoption of any particular frequency, and we 
suggested a careful consideration of this very important question 
bv the Institute through its Standardization Committee or a 
special committee. 

The oral discussion which followed the presentation of the paper 
was conclusive, beyond our expectation, as regards frequency. 
So far as the general practice of engineers who may adopt the 
single-phase alternating current is concerned, we regard the 
matter as practically settled by the facts and opinions brought 
out by the discussion. The designing engineers of both the 
Westinghouse and General Electric companies testified empha- 
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tically to the great increase in power of motors which can be 
realized by reducing the frequency, and while several speakers 
questioned the wisdom of now adopting a standard, no one came 
forwarl to argue that the higher frequency is preferable. 

Mr. Lamme to whom, more than to any other man, we owe 
the single-phase motor, stated that at 15 cvcles the output of 
a given motor is from 25% to 406, greater than at 25 cycles and 
that his company had verified this by actual test. 

Mr. Storer testified that: 

You can get at least 30% greater output from motors with 15 cycles 
than with 25 cycles. 

Mr. Slichter, the engineer of the General Electric Company, 
who has immediate charge of the work of designing single-phase 
motors, said: 

There seems to be a unanimous opinion that the output of the motor 
may be increased some 30 to 35% by a decrease in frequency from 25 
to 15 cycles. 

Mr. Potter, chief engineer of the railway department of the 
General Electric Company, after pointing out some of the dith- 
culties in the way of the adoption of 15 cycles, said: 

I do not think, however, that we can look for the ultimate develop- 
ment of the single-phase motor of 25 cycles. 

In his written contribution to the discussion of the paper, Mr. 
Frank J. Sprague says: 

It may be advisable in the end to adopt for alternating-current opera- 
tion about this periodicity, and months ago I ventured to predict that 
the largest 25-cycle railroad enterprise now being installed would adopt 
a lower frequency. 

Mr. Calvert Townley alone, among all who have orally or 
by written communication discussed the paper, advances argu- 
ments in favor of 25 cycles, but even in this case the position 
taken 1s one advocating suspension of judgment rather than 
asserting superiority of 25 cycles, as is shown in the following 
statement with which he concludes his letter: . 

In the light of the foregoing the following seem to me clear: 

i. That it would be wrong to establish a standard frequency for a 
single-phase railway operation at the same time. 

2. That even after it has been credited with all the estimated advan- 


tages claimed for it, a 15-cycle frequency has not yet made out a case 
entithng it to general preference. 


The paper and the discussion have established the fact that 
the increase in cost of the power-house equipment consequent 
upon the suggested reduction in frequency is far more than offset 
by the reduction in cost of electric equipment of rolling stock 
consequent upon the adoption of 15 cycles. 

As regards power-house and sub-station cost, we estimated 
that the difference in favor of the higher frequency is about 
$10,000,000, assuming that all the American railroads now oper- 
ated by steam should adopt electricity. 
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As regards cost of the electric locomotives, Mr. Storer stated 
that the difference in favor of the lower frequency would approxi- 
mate $5,000 per locomotive. In naming this figure, doubtless 
he had in mind the present cost of electric locomotives, while in 
our estimates we have assumed that this cost, which is now 
approximately $30,000, will be reduced to $25,000. Making a 
corresponding reduction in Mr. Storer's estimate, it appears that 
the saving per locomotive, 1n the opinion of the chief engineer of 
the railway department of the Westinghouse Electric & Manu- 
facturing Company, will approximate $4,000 in favor of the lower 
frequency. 

The question whether 24,000 electric locomotives would do 

the work of approximately twice that number of steam loco- 
motives now owned by the railroad companies is certainly open 
to discussion. If the actual number required be greater than 
the number assumed, the argument in favor of the lower fre- 
quency is strengthened. In our paper we expressed the opinion 
that work equivalent to that now done by approximately 48,000 
steam locomotives could be performed by electric locomotives 
numbering from one-half to two-thirds of that figure, and in 
showing that the change to the lower frequency would effect a 
saving in first cost of aggregate equipment we used the smaller 
figure in order to be entirely fair to the higher frequency. Ad- 
hering to the figure, 24,000, as representing the aggregate of 
electric locomotives required, and taking Mr. Storer's figure of 
$4,000 as representing the difference in cost per locomotive, it 
appears that while the adoption of the lower frequency would 
involve an increase of about $10,000,000 in cost of power-house 
and sub-station equipment, it would save $96,000,000 in cost of 
rolling stock equipment ; both of these figures having reference to 
equipment of the entire existing railroad systems of the United 
States. The point made by Mr. Storer, therefore, greatly 
strengthens the argument in favor of the lower frequency. 

The practical unanimity of competent opinion evidenced in 
respect to the advantages of the lower frequency, and the fact 
that practically every American designing engineer who has 
participated actively in the development of single-phase 
railway apparatus was present and joined in the oral discussion, 
would seem to have established definitely and finally the wis- 
dom of adopting the lower frequency. It 1s possible that special 
cases may arise in which local conditions are sufficient in weight 
to justify the use of the higher frequency, but it 15 perfectly clear 
that hereafter the engineer who in single-phase alternating-cur- 
rent railway work adopts 25 cycles will accept serious responsi- 
bility and should be able to base his decisions upon concrete 
and local factors such as will be found to exist in very few cases. 

The fact that the Oerlikon Company, of Switzerland, and 
the Siemens-Schuckert Company, of Germany, in manufacturing 
single-phase motors of the type adopted by the Westinghouse 
and General Electric companies are adopting 15 cycles, is an 
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interesting point presented by Mr. Lamme and ts excellent evi- 
dence in favor of the lower frequency. 

Aside from the interesting discussion of the question of fre- 
quency, the paper has resulted in the presentation of certain 
facts of material value and of numerous opinions. many of 
which deserve respectful consideration. Among the facts 
of special value may be mentioned the data presented 
by Messrs. Lamme and Potter relative to comparative slip of 
wheels at 15 and 25 cycles. It is highly desirable, however, 
that these facts be supplemented bv further experimental deter- 
minations. Mr. W. S. Murray has contributed data of especial 
value in the shape of costs of steam locomotive operation on the 
New York, New Haven and Hartford Railroad, these costs being 
in certain respects analyzed more thoroughly than 1s usual in 
the locomotive performance records of our steam railroads. Мг. 
Slichter's figures showing how the cost of electric equipment in 
certain cases would. be affected by the suggested change in 
frequency, are of particular interest. Mr. de Muralt's discussion 
of certain comparative characteristics of single-phase, three- 
phase and direct-current motors is also of value. It is to be re- 
gretted that the comparative merits of the two frequencies under 
consideration were not discussed from the standpoint of the in- 
duction motor. The point was referred to in our paper, and Mr. 
Ralph D. Mershon in his printed communication expresses the 
opinion that in the near future this consideration will have 
greater weight than is now generallv recognized. It is certainly 
desirable to have additional light upon this aspect of the subject, 
and it is to be hoped that if theadvocatesof theinduction motor 
for traction purposes have in their possession anv facts of import- 
ance not yet published they will see their wav to present such 
facts at an early date. 

Aside from the discussion of the question of frequencv and the 
presentation of test data, the oral discussion and the written 
communications subsequentlv contributed bring out the follow- 
ing factors: 

1. That Mr. Frank J. Sprague, and possibly a few other engi- 
neers, are inclined to believe that the high-potential direct-current 
motor, (for example, 1200 or 1500 volts) is perferable to the 
singlé-phase motor. 

2. That a considerable number of engineers feel that the time 
to standardize has not yet arrived. 

Such advantages as the direct-current motor possesses in the 
general railway field disappear rapidly when we consider this 
field as a whole rather than regard special cases in which the rea- 
sons for electrification are so weighty as to overcome even the 
comparative disadvantages of a svstem apparentlv limited to 
1200 or 1500 volts, and necessarily limited by the interposition of 
synchronous converters between generators and motors no matter 
what the ultimate voltage for which direct-current motors may 
be designed. They also shrink materially when we compare the 
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direct-current motor with the 15-cycle motor instead of the 25- 
cycle motor. 

In the course of the discussion, Mr. Sprague made the fol- 
lowing interesting statement: 

I am going to make a prophecy—that on a large number of lines which 
can by any stretch of imagination be considered as subject to a reason- 
able prospect of electrification that 1200 or 1500 volts will on any pres- 
ent development known give better results in every way than the alter- 
nating-current 15- or 25-cycle overhead system. 

It is to be hoped that Mr. Sprague will present facts and figures 
upon which this interesting prophecy is based. Meantime, 
however, it may be pointed out that he limits the alleged superi- 
ority of the direct-current system to: 


A large number of the lines which can, by any stretch of imagination, 
be considered as subject to a reasonable prospect of electrification. 


The imagination of one man may stretch more than that of 
another, and in effect Mr. Sprague proposes the plan of special 
solution. The growth of trathc will constantly operate to bring 
roads now outside what he considers the practicable field, within 
that field. Obviously, it will not do to treat this problem as 
limited to roads having to-day certain density of traffic or limita- 
tions of length which may enable the direct-current system to 
make a good showing. Problems which ten years ago were on 
the remote horizon are solved and behind us, while problems 
which twenty vears ago were regarded only by the poet are now 
in the hands of the operating superintendent. 

The position which we take in this matter may be stated as 
follows: | 

а. А gencral view of therailwav field, including freight as wellas 
passenger traffic, obviously shows that for anything approxi- 
mating a general solution the single-phase alternating-current 
system is decidedly superior to the 1200- or 1500-volt direct- 
current svstem. This conclusion 1s corroborated by calcula- 
tions easily made and based only upon established facts. 

b. The admitted advantages of electricity in respect to in- 
creased earning power and decreased cost of operation are such as 
in the near future to assure rapid increase in the use of electricity 
bv railway systems now operated by steam.: 

c. The necessity. of standardizing frequency rests practically, 
although less directlv, upon the same arguments as have in- 
duced railways to standardize track-gauge, height of draw-bar, 
location and couplings of air brake, train-line, and steam-line. 

In other words, the significance of our estimates of comparative 
operating costs is that the results, viewed in connection with 
admitted facts in respect to increased earnings, indicate that a 
general electrification of important railway divisions, and even of 
trunk lines, is coming much more rapidly than has been realized. 
even by electrical engineers; and the lesson to be drawn from 
this conclusion is that we must standardize as promptly as pos- 
sible everything essential to convenient interchange of rolling 
stock. 
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As regards multiple-unit control equipment, to which Mr. 
Sprague refers, it wil be absolutely necessary to standardize 
this, at least so far as the train-line connection 1s concerned, if 
the time should arrive when freight trains are to be operated 
by electric locomotives located at intervals throughout the train. 

Undoubtedly this possibility now appears remote, by reason 
of the fact that ite would call for a general equipment of the 
freight cars used by all railways in the United States. 
It is precisely bv this method, however, that the greatest possible 
advantages of electrification might be obtained. The enormous 
gain resulting from the ability to operate freight trains of any 
desired length without increasing the strain on draft-gear, and 
by a system permitting instant and effective train control at the 
will of the motorman on the leading locomotive, 1s obvious to 
every railway engineer or operator; and it is probablethat in 
no other way could the ability of some of our trunk lines to handle 
the freight trathe which to-day is overcrowding their existing 
track facilities be more economically increased. Not many 
years ago railway operators, in general, regarded the proposition 
that freight cars be supplied with air-brake equipment as an 
impracticable dream; to-day the supposed dream is a reality in 
respect to more than 85 per cent. of this class of rolling-stock 
equipment. Similarly the idea of equipping all cars with 
automatic couplers was opposed as impracticable, but to-day 
such couplers аге in general use. In view of these facts, and of the 
enormously valuable results which might be attained in the case 
of many trunk lines by employing the multiple-unit svstem, 
we contend that the argument in favor of the selection of a 
standard system of electric supply for railway operation is ma- 
terially reinforced by the possibility that multiple-unit control 
may be used in the not very distant future in the operation 
of freight trains. 

It is suprising to find Mr. Armstrong and a few other engineers 
opposing the idea of standardizing ordinary railway practice. 
The explanation of their attitude must be found either in the 
fact that they have inferred more than was intended by our use 
of the word '' standardization," or that thev have failed to re- 
alize an adequate general view of the railway problem which 
confronts electrical engineers. 

Our paper proposed that standards of practice be agreed upon 
in respect to: a, location of third rail; b, location of overhead 
conductor used with single-phase alternating-current svstems; 
c, frequency of alternating traction systems. We remark also 
that it is clearly desirable but probably less easy to agree upon 
a standard svstem of multiple-unit control for train operation. 

As reported in the stenographic notes of the discussion, Mr. 
Armstrong said: 

It is not a case of types of apparatus, or a question of frequency. 


Each case has to be considered by itself. In ten years from now we will 
still be disputing over the question of frequency, alternating-current or 
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direct-current operation. Looking back on the history of the steam 
locomotive, we have no standard. You can talk to the representatives 
of the different roads, the master mechanics and different engineers, and 
they have their own ideas about various matters in connection with their 
locomotives, * * * 

Undoubtedly ten years from now the master mechanics and 
engineers of electrically operated railroads will still have their 
own ideas about various matters іп connection with their locomo- 
tives. As regards all things essential to interchange of rolling 
stock, however, it 1s safe to assume that practice will be uniform; 
and the earlier uniformity is attained, provided that system 
best fitted to survive is selected, the better for all concerned. 

The question whether it be wise or unwise now to agree to set 
aside as inadequate for the solution of the general railroad 
problem all direct-current svstems, depends upon the question 
whether we now possess adequate knowledge of the possibilities 
and limitations of the contrasted svstems. It 15 our conten- 
tion that such knowledge is now available. 

In 1890 the standard frequency of 60 cycles was chosen for 
hghting purposes. This choice was based upon knowledge 
certainly not more complete in respect to the requirements of 
the field of use, and the limitations and possibilities of ap- 
paratus applicable thereto, than is now available to enable tus 
to make a wise choice of frequency for railway apparatus. In 
1890, 60 cycles was not a case of the survival of the fittest. As 
a matter of fact, when it was chosen as the standard frequency 
to supersede the higher frequencies previouslv in use, it had never 
been embodied in a commercial plant in actual operation. 
Nevertheless it appears to have withstood successfullv the test 
of time. 

Similarly in 1890 the Westinghouse company selected as 
standard for work in which synchronous converters were 
to be employed extensively, the frequency for 30-cycles. About 
two years later, and before any important plants using 30-cycles 
had been installed, this was changed to 25-cycles, owing pri- 
marily to the fact that the Niagara Falls Power Company had 
arranged to install turbines operating at 250 rev. per min.—a 
speed which did not permit the development of 30-cycle current 
bv alternators directly connected to the turbine shafts. 

The frequency, 25 cycles, when adopted for the Niagara in- 
stallation, was not selected as the survival of the fittest among 
a number of alternative frequencies preferred by variousengineers 
and experimented with in commercial service at the expense of 
the purchaser. At the time it was chosen, knowledge of the 
facts essential to a wise choice was far less exact and compre- 
hensive than to-day is our knowledge of the considerations which 
should enable us to predetermine and select that frequency 
which is best fitted to survive in railway service. 

‘In his exceptionally valuable contribution to the discussion, 
Mr. H. M. Brinckerhoff takes the position that the essential 
condition of interchangeability of through equipment does not 
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prevent the selection, locally, of a variety of motive power sys- 
tems: | 

Provided the present degree of standardization common in steam 
railway practice 1s adhered to. 

The question is very important, and it is a fortunate fact that 
electric rolling-stock equipment offers many‘ interesting 
possibilities of operation over lines supplied with electric motive 
power of various types. Such operation, however, as illustrated 
by the equipment of the New York, New Haven and Hartford 
Railroad, which is adapted not only to the 11,000-volt single- 
phase overhead system chosen by that company, but also to the 
direct-current third-rail system of supply used in the Forty- 
second Street terminal, implies, necessarily, a degree of compli- 
cation expensive, and, from the operating standpoint, very un- 
desirable. 

If some of our rai.ways are to use 6,600-volt overhead trolley 
systems of supply, others 1) ,000-volt svstems, still others 1,500- 
volt direct-current systems, 600-volt third-rail systems, and 
any other systems which ingenuity can suggest, no conceivable 
complication of rolling stock equipment will permit operation 
of motive-power units over the railway lines of the country as 
a whole. 

As regards the necessity of standardization in order to avoid 
confusion and loss as the zones of electrification of our railway 
svstems are extended, the following considerations, not specific- 
ally mentioned in the paper or in the discussion, and apparently 
overlooked by some who have discussed our paper, тау be 
referred to: a 

1. The effect of consolidations. The doctrine of special 
treatment of individual cases of electrification now presented 
to the electrical engineer, if adopted, will leadl to needless expense 
and great inconvenience in operation in cases where properties 
equipped with different systems mav be consolidated at some 
future date. The same is true in case of a transfer or sale of a 
section of line by one railroad propertv to another. 

2. In emergencv, in case of accidents blocking the line, our 
steam railways not infrequently send their trains to destinations 
by using lines helonging to neighboring railways under different 
management. If one line is to use the 1200-volt direct-current 
svstem, and another the alternating-current svstem, such accom- 
modation will be impossible. 

3. At junction points and terminals the use of different 
svstems in permitting interchange of rolling stock is in manv 
cases practically prohibitive. Every terminal in the city of 
Chicago 15 in use by two or more trunk-line railwavs, and in such 
a case as this obviously uniformity of svstems, frequency, etc., 
is essential. 

It appears unnecessary to elucidate further the reasons which 
from an operating standpoint argue so strongly against the idea 
of special solutions of individual cases. Every experienced 
railway man will recognize their force without argument. 
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It has been suggested that the adoption of a standard system 
of supply for railway lines may retard progress by limiting, 
or checking, the spirit of emulation and competition of inven- 
tors and engineers. This question, it will be noted, is not raised 
by our suggestion that the frequency, 15-cycles, be adopted as 
a standard for alternating-current railway work. Obviously 
the opportunities for improvement and development are quite 
as great at 15 cycles as they would be at 25 cycles. 

The question is pertinently raised by our expressed opinion, 
that for a general solution of the broad problem of railway elec-. 
trification onlv alternating-current svstems are deserving of 
serious consideration, and those who believe that direct-current 
systems may be capable of development to a point which will 
make them, or one of them, effective and satisfactory for the 
solution of the general problem, are justified in making the point 
referred to. For ourselves, the arguments in favor of the alter- 
nating-current svstem are such as justified the setting aside of 
direct-current systems and concentration of effort in the prompt 
standardization and more rapid development of the alternating- 
current system, which, by its essential characteristics, 1s obvi- 
ouslv best adapted to the solution of the general problem. 

It is pointed out that the existence of a certain number of 
25-cvcle generating plants, sometimes owned by the railway, 
and possibly available as a source of power supply for emergen- 
cies, is a consideration of weight in some instances. The 
answer to this 15 that undoubtedly in each specific case of con- 
templated electric installation the problem should be carefully 
studied with reference to local as well as to more general con- 
siderations, and it is not impossible that in some cases the weight 
of local considerations may justify departure from the general 
standard. This obvious fact, however, does not argue against 
the general adoption of a standard. So far as it has weight, 
undoubtedly it argues in favor of 25 cycles, but it in no way 
supports the position, which some have taken in opposition to 
our contention, that a standard should be promptly agreed upon. 

One or two contributers to the discussion have criticised our 
use of the Statistics of Railways, issued by the Interstate Commerce 
Commission, on the ground that thesereportsarenotreliable. For 
our purposes and asused by usthevare, on the contrary, entirely 
adequate and convincing. The fact that thev are not complete 
in detail does not materially affect their value for our purposes, 
as we are dealing with the ratio of the individual items to the 
total operating expense. Obviously, the ratio of saving indi- 
cated by our calculations cannnot be applied to individual roads 
indiscriminately. It could be so applied only to arailway which 
might happen to represent exact average conditions. It is 
hardlv necessary to explain that the management of any rail- 
road contemplating the adoption of electricity must study the 
problem with reference to its detailed and carefully analyzed 
conditionsand costs of operation. In attempting to fix compara- 
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tive costs of the various items of operating expenses, moreover, 
we have used not only the reports of the Interstate Commerce 
Commission, but the annual published reports of manv railroads 
and also detailed unpublished reports kindly furnished by officials 
of the Pennsylvania, the Erie, Missouri Pacific, Denver and 
Rio Grande, and other railroad companies. 

One or two critics have considered it unfortunate that, in con- 
nection with our calculations of comparative operating costs, we 
did not include an estimate of the capital charges involved in 
the case of electric equipment. This omission was deliberate. 
To include capital charges is in no way essential to the purposes 
of our paper, and to do so would raise questions tending to 
divert attention from the object which we had in view. For 
example, the treatment of the question of '' depreciation '' is 
one which might well become the subject of a paper of consider- 
able length, and the methods of financing railroads in America 
are so far from having attained a standard of practice that we 
have deemed it best to show only the calculated saving in 
operating costs per mile of line as compared with interest on 
the cost of required electric equipment, exclusive of rolling stock. 

Several gentlemen who discussed the paper expressed the 
opinion that, while the apparent reduction in operating costs, 
as shown by our analysis, is 18% (exclusive, of course, of capital 
charges), roads in general will not make the change in order to 
effect this economy, but will be influenced to a much greater 
extent by the increased earning power resulting from the change. 
This consideration is not new to the authors. One of them re- 
calls pointing it out to the president of the Manhattan Rail- 
way Company some ten years ago. 

The results of our estimates, іп which we have endeavored to 
compare the operating expenses under a svstem of electric 
traction with the actual grand averages of operating expenses 
throughout the United States, are more favorable to electric 
traction than we had anticipated when this work was under- 
taken, but it is hardly necessary to point out that no competent 
engineer would infer from these results that every railway in 
the United States is likely to be electrified in the immediate 
future. The possible economies effected by such substitution, 
however, when considered in connection with the increase in 
earning power to be anticipated, leads to the conclusion that 
the electrification of our railwavs is destined to be carried on 
much more rapidly than is realized to-day by the average engi- 
neer,and emphasizes the necessity of prompt standardization 
of everything essential to convenient exchange of rolling stock. 

The communication from Mr. A. Н. Babcock 15 interesting, 
but has no particular bearing on the general railway problem 
under consideration. He objects to our expressed opinion that 
alternating-current equipment is the only class of equipment 
deserving serious consideration in connection with the general 
problem of heavy traction. He has found an alternating- 
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current installation comprising three passenger cars and two 
work cars weighing about 40 tons each. These cars are oper- 
ated by 25-cycle single-phase current obtained from a 60-cycle 
source through the interposition of a motor-generator set. The 
energy is metered and paid for on the three-phase side of this 
set. The conditions of service are in no way defined, but the 
limited equipment suggests a very low load-factor and conse- 
quently very low efficiency. of conversion from 60 cycles to 
25 cycles. 

Mr. Babcock asserts that if the 1200-volt direct-current 
svstem were used the energy per ton-mile would be 309, less. 
This is easily conceivable, particularly if Mr. Babcock has based 
his calculations upon the use of synchronous converters in this 
case as against a motor-generator set as in the other. The case 
to which he refers 1s obviouslv one of ordinary interurban trollev 
operation, with frequent stops; and in this field many cases of 
direct-current practice might be adduced in which the energy 
consumed per ton-mile, owing to special and local conditions, 
is comparable to that which he has found in this particular in- 
stance of alternating current. Obviously, the point which he 
attempts to make is not one which will materially influence 
genera! conclusions in respect to the problem of heavy traction. 
Mr. Babcock asserts his intention: 

To reserve the right to choose for every specific case the type of 
apparatus best adapted. 

In the interest of the great railway property for which he is 
retained as electrical engineer, it is to be hoped that he will 
bestow further consideration upon this very important question 
of engineering policy. The 1200-volt direct-current system is 
probably capable of attaining excellent results in a limited 
field, such as the electrification of a terminal, but generally 
speaking the svstem adopted for the electrification of a terminal 
should be one adapted to future extension to the railway di- 
vision or even to the trunk line. 

The substantial accuracy of the general results of our calcu- 
lations relative to reduction of operating expense resulting from 
the substitution of the electric motor for the steam locomotive 
has not been seriously questioned. Our estimates of the aggre- 
gate output and cost of power-house equipment which would 
be required for the operation of the entire system of the United 
States rest primarily upon certain stated assumptions as to 
length of line supplv from a given power house, and to this fact 
some reference has been made in the discussion. 

We therefore avail ourselves of the opportunity to supply, in 
the form of an appendix to our paper, an explanation of methods 
used in determining power-house output and load-factor,a state- 
ment relative to the effect of resistance due to grades, and also а 
brief statement relative to recuperation. 
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Clarence Renshaw (by letter): Mr. A. H. Babcock has con- 
tributed to the discussion of the Stillwell-Putnam paper by 
letter. He describes his observations on a visit to a single- 
phase electric railway. | I have been intimately conversant with 
the operation of this railway through engineering reports from 
those who have had gharge of the installation and initial opera- 
tion of the apparatus. 

Mr. Babcock has neglected to mention a number of facts which 
materially affect the conclusions which should be drawn from 
the material which he does give. To overcome certain specific 
faults in insulation and workmanship. which developed in opera- 
tion, the motor armatures were rewound. A number of the 
men whom Mr. Babcock mentions were presumably engaged 
upon this work, as the normal number which is now employed 
is very much less. 

During the month to which it 1s presumed Mr. Babcock re- 
fers, the total car-mileage of the road was 15,797 miles, includ- 
ing trailers and freight cars. The total motor-car mileage was 
onlv 13,009 miles, or approximately 87 miles per car per day. 
The cars were operated at a schedule of approximatelv 19.5 miles 
per hour between terminals, so that the daily mileage of a car 
represents only about 4.5 hours actual running. Under such 
circumstances, the load-factor in necessarily very low and the 
power consumption, on a car-mileage basis, from the 60-cycle 
circuit, where the power measurements referred to by Mr. Babcock 
were taken, is necessarily high. This was further accentuated 
by the fact that, at the time of his visit, polvphase generators 
which were not well adapted for this service were used for sup- 
plving single-phase current. These have since been modified 
bv rewinding them for single-phase operation. Since this modi- 
fication, one generating set is ordinarily ample for operating 
the road, whereas two motor-generator sets in parallel were 
usually required during the month to which Mr. Babcock refers. 
Consequently, the conversion losses i1 the sub-station were ab- 
normally high. 

Even the figures which are given—153 watt-hours per ton- 
mile—are not unusual when the load-factor is low. I have a 
test giving the actual measurements on a road through svn- 
chroious converter sub-stations. Three cars of 28 tons oper- 
ating on this road required 202 wati-hours per ton-mile during 
the month of Januarv, 1906. This illustrates the high power 
requirements per ton-mile when there are but few cars and 
the load-factor is low. A comparison of these two examples 
shows the marked advantage of single-phase operation under 
such conditions. 

It may be noted that the companv operating the road to which 
Mr. Babcock refeis has given a favorable judgment on the 
operation of the road, as indicated by considerable extension 
andan increaseof morethan 100 per cent. in their car equipnient. 
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Page 291, 13th and 14th lines from bottom, should read: '' I. That 
it would be wrong to establish a standard frequency for single-phase 
railway operation at the present time.” 

Page 293, 16th line from bottom, for '' factors " read '' facts." 

Page 294, 15th line from bottom, for “future to assure," read 
" future assure.” 

Page 298, 17th line from top, for '' such as justified, 
as justify.” 
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LIGHTNING PHENOMENA IN ELECTRIC CIRCUITS. 


BY CHARLES P. STEINMETZ. 


1. Originally lightning denoted electric discharges between 
clouds or between cloud and ground, and, when applied to 
an electric circuit, the results of such a discharge striking the 
line. Later it was found that during atmospheric disturbances, 
such as passing thunder storms, disturbances occurred in electric 
circuits even without the discharges striking the line. These 
disturbances—caused by induction—were also classed as 
“lightning,” and applied to electric circuits, lightning then 
came to mean all the effects of atmospheric electricity. | 

With the introduction of electric circuits of higher voltage and 
larger electrostatic capacity, phenomena were observed in such 
circuits of the same character and effect, and requiring the same 
protective devices, as the disturbances caused by atmospheric 
electricity, even in cases where atmospheric effects were ex- 
cluded, as in underground cable systems. The term lightning 
when applied to electric circuits, therefore, was extended to 
cover also these effects, which are due to internal circuit changes, 
as changes of load. discharges through weak places of the insu- 
lation, etc. 

The damage done by lightning to telegraph and telephone 
circuits being relatively small compared with the disastrous ef- 
fects occasionally occurring in high-potential systems of large 
power, it was acknowledged that frequently most of the damage is 
done by the power generated in the system; the atmospheric or 
other disturbance merely started the phenomenon. The term 
lightning was thus once more extended to include all the abnor- 
mal phenomena of the flow of generated power of the system, 
which result from an atmospheric or other disturbance. 
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In its most general meaning, as understood now when dealing 
with electric circuits and their protection, lightning denotes all 
phenomena oj abnormal voltage and abnormal frequency. 

The lightning phenomena in electric circuits then comprise: 

External lightning, the disturbances due to atmospheric elec- 
tricity. 

Internal lightning. the disturbances due to defects of the 
circuit or its operation, etc., and 

Surges, that is, disturbances in the flow of generated power. 
brought about by the external or internal lightning and depend- 
ing for their energy on the power of the generator system, hence 
frequently destructive. 

2. The phenomena of abnormal voltage and frequency in 
electric circuits are the same three classes of phenomena met with 
in the disturbances in any medium which is the seat of energy: 

1. Steady stress or gradual electric charge. 

2. Impulse or traveling wave. 

3. Standing wave or oscillation and surge. 

1. Electric Charge. The potential difference against ground. 
91 pressure of the total electric circuit, may gradually rise by an 
electiic charge accumulating in the circuit— just as in a body 
of water, a river, the height may giadual.y rise until the water 
breaks through the embankment—the electric charge discharges 
across the lightning-arresters, or punctures the insulation, 
whichever is the point of least resistance. 

Some causes of such steady and gradual accumulation of 
electric charge, and of potential difference against ground, of 
an electric circuit, агг: 

a. Collection of static charge from rain, or snow-drift, or 
from fog, carried bv the wind across the line. Illustrating this 
on a three-phase svstem with insulated neutral, it will be seen 
that the potential difference against ground, which normally is 
symmetrical, Fig. 1, Curve I, gradually, by the simultaneous 
static charge of all three lines, changes to Curves II, III and IV, 
until the maximum potential difference against ground is suf- 
ficient to discharge to ground. The system then returns to 
the condition Curve I, and then traverses the same cycle again. 
This electrostatic accumulation of charge, in the case of efficient 
lightning protection, may appear as a seiies of discharges over 
the lightning arresters, which periodicallv follow 'each other. 

b. Electrostatic induction from a passing cloud. 

Assuming, for instance, a positively charged cloud passing 


1907] STEINMETZ: LIGHTNING PHENOMENA 305 
over a transmission line. The ground below the line then carries 


a negative electrostatic charge, corresponding to the positive 
charge of the cloud. The lin. should have a negative charge 
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also, even higher than the ground, since projecting above it. If 
the line is insulated from the ground, without thenegativecharge 
required for electrostatic equilibrium, it thus appears at a positive 
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potential against ground; that is, at cloud potential. With the 
approach of a positively charged thunder cloud to the trans- 
mission line, the positive potential of the line against ground 
rises until a discharge takes place from the ground to the line, 
charging the line negatively. Inversely, with the cloud reced- 
ing from the line, the line remains negatively charged ; this charge 
not being bound any more by ‘the, positive charge of the cloud, 
discharges to ground. That is, during the approach and during 
the recession of a thunder cloud, discharges may occur between a 
transmission line and the ground, in the former case with the 
line of the same potential, in the latter case, with the line of 
opposite potential to ground, as the cloud, and due to a gradual 
accumulation of electrostatic potential difference, by induction 
from the cloud. 


This is the same phenomenon as, in the electrophorus of the 
physical laboratorv, an equal charge appears on the inductor 
when approaching it to the resin plate; an opposite charge, when 
withdrawing it. 

c. Potential differences between line and ground due to dif- 
ferences of atmospheric potential 1n different 1egions traversed 
by the line, especially if the line passes through different alti- 
tudes, as valleys and mountain ranges. 

d. Accidental electrostatic charges entering the circuit, as 
friction electricity from the belt of belt-driven machines. 

Somewhat similar phenomena result from: 

e. Unsymmetrical conditions of the generator potential. 
For instance, if in a three-phase svstem one line is grounded, 
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with the three-phase voltage e between the lines (Fig. 3) and 
e 
УЗ 
system is that of the neutral point А, hence, with a ground 
G at O, the total system as a whole has an alternating potential 


between lines and neutral, the mean potential of the total 


difference OA = v3 against ground, and induces electro- 
staticallv or causes other disturbances, with this potential dif- 
ference.' 

f. Existence of higher harmonics in the electromotive force 
wave of a polvphase system, of such order that they coincide 
in the different phases; that is, the whole system rises and falls 
with their frequency. So in a three-phase system, the 3d, 9th, 
15th, etc., harmonics coincide and may cause trouble, where 


Ly T, Li T; Ls Т; Ls 
Fig.3 


they appear, as for instance, by star connection or primaries 
and secondaries of transformers with grounded neutral.* 

The danger of such accumulations of potential lies: 

a. In their liability to damage the insulation of the system by 
puncture, and 

h. In their liability of producing, by their discharge, other 
and more serious disturbances. 

In taking care of them by lightning-arresters arranged to 
discharge at a safe margin of voltage above the normal, the 
main problem is to arrange the discharge path so that the dis- 
charge passes harmlessly; that is, without producing other dis- 
turbances. It is the same problem as in the protection of a 
watei-power station against freshets by dam and overflow, safely 
to discharge the water by means of the overflow. 


*See A. I. E. E. Proceedings, November, 1906, Discussion. 
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3. The effects of steady electrostatic stress, whether uni- 
directional, a to d, or alternating as e and f, appear not only 
in its own circuit, but also in circuits in inductive relation there- 
to, and may even be more serious in secondary circuits. For 
instance, let Fig. 3 diagrammatically represent a transmission 
system, comprising generating station Ly, step-up transformers 
T,. transmission line L,, step-down transformers 7,, primary 
distribution circuits L,, a local lighting transformer T, and 
house light circuit L,. 

All these circuits have capacity against ground, and the 
transformers also capacity between primary and secondary, 
and as regards the electrostatic capacity, the system can dia- 
grammatically be represented by Fig. 4. 

Let C,, C,, C,, C,, represent the capacities against ground 
respectively of the generating station L, and the circuits L,, 
L,, L, (including the capacities of the corresponding trans- 


former coils against ground) and, C,’, C,', C,', the capacities - 
between primary and secondarv of the transformers Г,, T., Ts. 

An electrostatic charge of line /.,, giving the potential differ- 
ence against ground e,, also has an electrostatic path to ground, 
. over the two capacities C,', and C, in series, and so produces a 
potential difference against ground, e,, in the generator circuit 
L,, which ts intermediate between e, and 0, in the proportion 
of the capacities C,' and C,; that is, 


Cy! 


T с +С, " 


ёо 


6,15 very much lower than e,, but the circuit L, is of very much 
lower voltage than the circuit L,, and while e, may be a safe 
voltage for the high-potential insulation of L,, the lower voltage 
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e, may be beyond the safe limit of the insulation of the low- 
potential circuit L,. 

If L, is a generating station, or sub-station, its capacity against 
ground, C,, is so large compared with the capacitv C,', that for 
steadv stress the voltage e, is generally negligible, and this 
phenomenon is appreciable only when e, is an alternating po- 
tential, o1 the high frequency of an impulse or oscillation. 
Hence, this phenomenon is of importance only where the ca- 
pacitv of the low potential circuit against ground is small. 
This may be the case in a house lighting circuit. An electro- 
static, or alternating voltage (case e and f) e, in the primary 
distribution L,, gives an induced voltage: 


C ГА 


in the circuit L,, and with the short extent and so low capacity 
C, of a local house lighting circuit, and a voltage e, of several 
thousand volts, e, may be sufhcient to involve under unfavor- 
able conditions at least a fire risk. The voltage e, is reduced 
bv reducing the effective capacity C,' by grounding the trans- 
former core and case of 7,, but entirely eliminated only by 
grounding the circuit Cy. 

2. Impulse and Traveling Wave. 

4. The second class of phenomena is the impulse or travel- 
ing wave. А sudden local electrostatic charge of a transmission 
line, as by a lightning stroke, or inductively by a lightning 
flash suddenly discharging a cloud, or апу other sudden local 
change produces a wave of potential and of current which runs 
along the line, just as a water wave over the ocean surface. 

Such a potential wave or impulse is very high and of steep 
wave front at its starting point or point of impact, but gradu- 
ally broadens and flattens out, and ultimately disappears, if 
the line is of unlimited length, just as the wave produced, for 
instance, by throwing a stone into a body of water is steepest 
at the point of impact and gradually flattens out and dis- 
appears. Successive stages of such a traveling electric wave 
are illustrated by Figs. 5 and 6. 

Such a wave, when reaching the end of the line, 1s reflected 
and thrown back, thus returning again and so forming a system 
of nodes, and maxima, as shown diagrammatically in Figs. 7 
and 8; that is, a standing wave. 
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When reaching the station—generating or sub-station—such 
a traveling wave is partly reflected by inductance of reactive 
coils, transformers, instruments, etc., partly transmitted. The 
different reflected and transmitted waves so superpose upon 


each other; that 1s, the impulse is broken up into a number of 
secondary impulses and local standing waves, which may reach 
voltages far higher than that of the traveling wave, just as an 
ocean wave when approaching the beach is broken up into the 
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surf, with wave-crests far exceeding in height that of the un- 
broken wave. | 
The complex svstem of phenomena resulting from the ap- 
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proach of a traveling wave to a station is analogous to the 
breaking up of an ocean wave into surf, and may indeed be called 
“ electrical surf." While individual effects, as the formation 
of high-frequencv standing waves or oscillations from an electro- 
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static impulse entering a circuit of inductance and capacity, 
the effect of an inductance in the path of an impulse, the phe- 
nomena occurring at a branching point between two circuits, 
etc., *сап be calculated, the complete predetermination of all 
the electrostatic and electromagnetic effects of an electric wave 
entering the complex system of circuits of a station is no more 
feasible than the exact calculation of the motion of the water 
particles of an ocean wave when it breaks as surf at the 
beach. . 

The breaking up of an impulse or a series of impulses or 
traveling waves, in entering a station, appears as electrostatic 
displays, sparks, streamers and brush discharges, at conductors 
switchboards, etc., the so-called '' static," which signals in the 
station the existence of a disturbance on the line. 

The general equations of a traveling wave are of the form: 


© 


е = У, ЕЕН, cos (kc 4 — wx) cos (kg t — фк) 
à 3 


© 
4 = >: ae Bk cos (kcu - we’) cos (kgt— de’) 


1 


5. Some of the causes of such traveling waves are: 

a. Direct or secondary lightning strokes entering the trans- 
mission line. This usually gives a single impulse, or very few 
impulses of extreme steepness of wave front, but short extent, 
and capable of exerting very considerable power only locally, 
but not after traveling considerable distance; that is, a direct 
lightning stroke may shatter several poles, but do no damage to 
the station, if not very near to it. 

b. Electrostatic induction by the clouds. Corresponding to 
the electrostatic potential between cloud and ground an electro. 
static charge exists on the line. Every lightning flash in the 
cloud, and between cloud and ground, represents an abrupt 
change of the electrostatic potential and requires a rearrange- 
ment of the electrostatic charge on the section of the line below 
the cloud, and thus gives an impulse of an intensitv correspond- 
ing to the intensity of the flash, or rather the magnitude of the 
change of electrostatic potential of the terrestrial field. Thus 
during a thunder storm, or other atmospheric electric disturb- 
ances near a transmission line, a series of impulses travel along 
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the line, increasing in severity and frequency with the approach, 
and decreasing again with the recession of the storm. While 
each of these impulses is rarely of sufficent power to do serious 
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damage, е to their frequency of recurrence, they may ltd eao 
the production of destructive internal surges. 


| Traveling waves resulting from this electrostatic induction 
are usually of lesser voltage, but their origin is of greater local 
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extent; that is, they do not cause local destruction at the point 
of origin, but travel considerable distances, and their effect 1s 
therefore far more generally felt through the system. They 
probably are the most common manifestation of atmospheric 
electricity in electric circuits. 

Through the electrostatic capacity between primary and sec- 
condary of transformers, these impulses frequently enter second- 
ary circuits at an intensity increased by partial reflection at the 
transformer, and may even lead to sparks jumping from second- 
arv wires to ground, as gas and water pipes, thus constituting 
a certain fire-risk, which can be completely eliminated bv per- 
manently grounding the secondary circuit. 

c. Discharges of slowly accumulated potential, resulting in 
a series of successive impulses. Р 

d. Апу spark discharge from the line to another line or to 
the ground. 

е. an arcing ground on one phase of an insulated system, or 
in general the existence of a '' self-rupturing arc ” in the system. 

As explained on former occasions, an arc, when shunted by 
capacity, as an arc between one conductor of an insulated trans- 
mission line and the ground, or between a conductor and the 
armour of an under-ground cable, is self-rupturing; that 1s, 
blows itself out explosively, due to the characteristics of the arc, 
and hence produces an impulse. An arcing ground thus sends 
out a series of impulses. Due to the very rapid succession and 


eC : 
considerable power—the —5- of the system—these impulses аге 


verv serious electric disturbances of the system, and frequently 
lead to a low-frequency surge and result in extensive destruction. 
In their appearance in the station, they are very similar to b 
except of greater intensity and rapiditv, and therefore are more 
dangerous. 

f. Sudden changes of load, connection and disconnnection 
of apparatus, etc., also cause impulses. For instance, when 
connecting a dead transformer to the system an impulse tra- 
verses the transformer, and usually penetrates beyond the 
transformer into the circuit. 

3. Standing waves, oscillations, and surges. 

6. In water, standing waves are less frequent and prominent 
appearing in general only as stationary ripples in small pools. 
Thev form when a wave-train is reflected and thrown back by 
an obstruction, and the returning wave and the incoming wave 
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meet. Then at some places the waves neutralize each other 
and form a node; at others they add to a wave-crest, of greater 
height than the traveling wave. Figs. 5 to 8 show the gradual 
change from an impulse to a traveling wave-train, and from the 
traveling wave to the standing wave or oscillation. Wave 
formation takes place only in large bodies of water, in which 
the wave length is small compared with the total path of wave 
travel, and the boundary usually too irregular to give good re- 
flection and so to allow standing waves to form. Standing waves, 
however, are the vibration of a tuning fork, or a violin string, or of 
the aic inan organ pipe. Since the velocity of propagation of an 
electric wave is very high, 188,000 miles per second, even with 
very long transmission lines, oscillating as a single standing 
wave, or at fundamental frequency, the period of oscillation 
is relatively short, the frequency hundreds of cycles per second. 
In this respect, an electric circuit is rather more analogous to 
a violin string or the body of air in an organ pipe, and has the 
same tendency to form regular standing waves or oscillations. 
Just like a violin string, the electric circuit may oscillate either 
as single wave without nodes, or a number of nodes form, 
and the different sections oscillate separately, at higher fre- 
quencies. 

This phenomenon of standing waves, or oscillations in trans- 
mission lines, has been investigated repeatedly. It is usually 
approached by considering the cistribution of current and 
potential in a circuit of distributed capacity, inductance and 
resistance.* 

The standing wave is produced bv the superposition of a 
wave and its reflected wave, and the general equations result 
from equation (3) by combining the impulse with the reflected 
impulse. Since the production of an oscillation or standing 
wave presupposes a stow decay of the wave train; that is, bk 
must be small, an approximate value is derived by suppressing 
the term e-bit. This means, neglecting the gradual dying out 
of the wave, that is, considering it as alternating instead of 
oscillating. The trigonometric function of timé can then be 
eliminated bv the introduction of the complex quantity, and 
the equation of the standing wave, or oscillation, becomes: 


*See Steinmetz, Alternating Current Phenomena, third edition, 
page 181. | 
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where: 

L = inductance, 

C = capacity, 

r = resistance, 

per unit length of line, and 

A, and Bx are complex constants. 

The lowest frequency of oscillation of a line is the frequency 
which makes the line a quarter wave-length. That is, if: 

| = length of line, 

v = velocity of light, 

It is: 


Ny = LA (5) 


=ч 
є. 


47000 
т 


If / is given in miles. 


From the line constants this fundamental frequencv can be 
expressel. approximately, by: 


me (б) 
4N/L, C, 


318 STEINMETZ: LIGHTNING PHENOMENA [March 29 


where: 

L, = LL = total inductance, 

C, = ІС = total capacity of the line. 

In addition to the fundamental frequency L,, all its odd 
higher harmonics, or any frequency: 


N = (2k-1)N, (7) 


may exist. 

7. In general, an oscillation of a transmission line 1s a com- 
plex wave, containing fundamental and higher harmonics. The 
relative proportions of the different harmonics in the oscillating 


Fig.9 


wave depend upon the distribution of potential and of current 
at the moment of the start of the oscillation. 

If the distribution of potential and of current at the start of 
the oscillation were perfectly sinusoidal, as shown by Fig. 9, 
only the fundamental wave would appear. The more irregular 
the distribution is, the more prominent are the higher harmonics; 
with a very irregular and abrupt distribution, the fundamental 
wave does not appear at all, but only higher harmonics. 

A transmission line thus has not only one frequency of oscilla- 
tion, as a combination of condenser and separate inductance, 
but an infinite number of frequencies, of which one is the lowest 
or fundamental, the others its odd multiples or higher harmonics. 
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These frequencies depend on the resistance, inductance, and 
capacity of the line. Neither of these quantities is entirely 
constant. For instance, at high voltage the capacity increases 
by electrostatic glow, brush discharges and streamers; induct- 
ance and resistance vary with the unequal current distribution 
throughout the section of the conductor, etc., so that at the 
very high harmonics, which are close together—for instance, 
the 199th and the 201st harmonics differ in frequency by 1% 
only—the gap between successive harmonics is bridged by the 
variability of the frequency, and a line for very. high frequencies 
thus can oscillate at any frequency whatever. In other words, 
a transmission line can oscillate at a fundamental frequency, 
the lower higher harmonics thereof, and at any very high fre- 
quency whatever; that is, the line has definite frequencies of 
oscillation only at low and moderate frequencies, but not at 
very high frequencies. This is analogous to the formation of 
other standing waves. 

8. The oscillation is the phenomenon by which in an electric 
circuit after a disturbance of the circuit conditions the flow of 
power restores itsequilibrium. Any circuit disturbance may, and 
usually does, produce an oscillation which may be local only, 
that is, contain only the very high-frequency harmonics, if the - 
disturbance is local; but it may become universal by including 
the fundamental and the lower harmonics. In the latter case 
it is usually called '' surge." 

In some respects, therefore, the oscillation is a result of a 
disturbance, as an impulse, and the power which oscillates is 
the generated power of the circuit; hence the possible destruc- 
tiveness of the oscillation is limited only by the available power 
of the generating system, but does not directly depend upon the 
severity of the disturbance which caused the oscillation. 

The power, which oscillates, is the energy stored by the flow 
of generated power in the electric field of the transmission line, 
‚2 


—,-, and as electrostatic energy: 


as electromagnetic energy: ә 


е? 

2 
higher is the frequency of the oscillation. The smaller, how- 
ever, is also the power and the destructiveness of the oscilla- 
tion, and considerable damage results, therefore only from low- 
frequency oscillations; that is, oscillations of the whole or a 


, and the shorter the section of line which oscillates the 
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large part of the system. Local high-frequency oscillations are 
dangerous chiefly by their liability to destroy insulation by 
puncture, and to produce a low-frequency surge of higher power. 

Since, as a rule, the maximum amount of energy which can 
be stored in the electric field of a circuit is the electromagnetic 


, 2 
energy of the short-circuit current, E the short-circuit surge 
is the most powerful and destructive. 

Some typical forms of oscillations are: 

a. Spark discharges to and from the line, as over some light- 
ning-arresters; the breaking up of a traveling wave when enter- 
ing the station, etc., result in the formation of very high fre- 
quency oscillations, millions of cycles per second. 

b. Arcing grounds and other arc discharges to ground from 
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Fig.10 


a line of an insulated system; reflected traveling waves, etc., 
give oscillations which, while still of very high frequency, reach 
considerably further down in frequency than a, hundred thou- 
sands of cvcles per second. 

c. Charge and discharge of the line, as when discharging an 
accumulated electric charge over a path of low resistance; con- 
necting a dead transformer into the circuit, etc., results in 
high-frequency oscillations containing also an appreciable low- 
frequency component. 

d. In general, changes of circuit conditions, as sudden changes 
of load ; connecting or disconnecting a transmission line; opening 
a short circuit suddenlv, etc., give oscillations in which the 
fundamental frequency predominates. 

e. Low-frequency surges, consisting primarilv of the funda- 
mental wave, may be produced by certain transformer connec- 
tions in polvphase systems, in which in case of an accident, an 
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unequal distribution of load, or other causes, the open circuit 
inductance of a transformer coil is in series with the line capa- 
city, in the circuit of a live transformer. Typical hereof is the 
case of a delta-star connected system without grounded neutral, 
if one of the sides of the delta is open circuited, as shown as X 
in Fig. 10. The high-tension coil A of this transformer is in 
series with the line capacity, a—c, in the circuit of transformer 
B, and in series with the line capacity, a—b, in the circuit of 
transformer C. In this case the voltage between a and the 
other two lines b and c is practically unlimited. A number of 
such transformer connections exist, and in their use this phe- 
nomenon should be guarded against. 

9. Looking at the oscillation as surge of energy between the 


е) 


electromagnetically stored energy, , and the electro- 


‘> 
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ә 


C 
2^ 
trostatic energy is far more limited than the electromagnetic 
energy; and the maximum possible energy, which can be stored 
in the electric field is the electromagnetic energy of the short- 
circuit current, as stated above. The most powerful oscilla- 
tion is therefore the short-circuit surge of a system, or oscilla- 
tion produced by instantaneously rupturing a short circuit, as 
by a self-rupturing arc. In this surge the fundamental pre- 
dominates, and the equations of the surge potential are: 


it can well be seen, that the elec- 


tatically stored energy, d 


= A 11.26 cos w sin ф +0.40 cos Зо sin 3 ġ +0.22 cos 5w 


sin 5 $ +0.13 cos 7 w sin 7 ф+ 0.07 cos 9» sin Өф + 0.03 cos 11 w 
snli¢+ ... } (8) 
where: 

4, = short-circuit current 

L = inductance of line 

C = capacity of line 


w = I (9) 


= length of line, 
= distance along line, from point where the short circuit 
was NETT as zero point. 
Ó—2nzNt (10) 
t = time 
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CA эзш fiequency of fundamental wave of x 
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For instance, for a line of 50 miles, consisting of wire No, 
0000. and transmitting 30,000 volts at 25 cycles, it is, ap- 
proximately: 


L = .2h, hence: 
x —-2rN,L = 31.4 ohms 


C = 0.4 mf., hence: 
1 
X= ККЕ а 880 cvcles. 
r = 26 ohms, 
hence: 


2 = A/p + x*= 40.8 ohms, 


and, assuming that the supply voltage, with a short circuit at 
the other end of the line, drops instantly to one third, 
or e, = 10,000 volts: 


e E 
т, = — = 245 amperes. 


2 


hence the surge voltage: 


€=174,000 11.26 cos w sin ф+ 0.40 cos 3 w sin 3 $ +0 22 cos 5 w 
sin5g@t+ . . .j volts. 
At: 

1, = 245 amperes, 


this gives the power of the oscillation: 
ет, = 42,500 kilovolt-amperes. 


Standing waves or oscillations in electric circuits vary from 
the very low frequency of the fundamental surge of verv long 
transmission lines, which approaches commercial alternating- 
current frequencies, to frequencies of several hundred million 
cvcles per second, in the discharge oscillation. between the 
cylinders of a multi-gap lightning arrester. Due to this enor- 
mous range ot frequency. the physical effect of the oscillation 
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also varies greatly. In very high frequency oscillations the 
power is very small; the electrostatic effects, as luminous glow, 
brush discharge, streamers and sparks, are prominent, but 
the direct damage usually insignificant, and the effect local. 
Inductance opposes a fairly effective barrier. On the other 
extreme, low-frequency surges show little or no luminous dis- 
plav; inductance offers no obstruction, but due to their high 
power and wide extent, considerable damage may be done all 
over the svstem. 

Oscillations therefore are frequently subdivided into high-fre- 
quency oscillations, in which the lower harmonics are absent, 
and low-frequency oscillations, in which the fundamental pre- 
dominates, The name surge is frequently applied to denote 
the latter. 

Between these two extremes, however, the low-frequency 
surge and the high frequency oscillation. oscillations of inter- 
mediate frequency are found—against which inductances do 
not give sufficient protection—which, have considerable power, 
and also give luminous displays, as streamers and brush dis- 
charges. Oscillations of this intermediate class are occasionally 
given by arcing grounds, spark discharges through defective 
joints in large cable systems, etc. | 

10. The four types of lightning disturbances here discussed: 
static charge, impulse, oscillation, and surge, may occur singly, 
in groups, or all occur together, or rather successively, the one 
preceding and causing the other. A static charge, for instance, 
rises, until it breaks through to ground and discharges, thus 
producing an impulse or traveling wave. 

A traveling wave breaks at a station, and produces high- 
frequency oscillations. 

A high frequency oscillation, puncturing the insulation, 
causes a short circuit, which ruptures itself, and thus produces 
a low-frequency surge. 

A static charge, discharging over lightning-arresters with in- 
sufficient damping, causes a high-frequencv oscillation. 

A static charge, short circuiting the system by its discharge, 
causes a low frequency surge. | 

Lightning-arresters, when discharging a high-frequency oscil- 
lation, may fail to hold back the machine current, and the short 
circuit resulting therefrom produces a low-frequency surge. 

All four types of disturbances may occur successively: 

An electrostatic charge rises until it breaks down to ground, 
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thereby starting an impulse. This impulse at the entrance 
to a station breaks up in high-frequency oscillations. These 
oscillations puncture the insulation and produce a short-circuit 
surge. 

The traveling wave produced by connecting a cable to the 
bus-bars may cause a spark discharge from conductor to cable 
armour at some defective joint. This spark develops into an 
oscillating arc, which sends out traveling waves along the cable. 
These; when entering the station, produce high-frequency 
oscillations, and systems of such oscillations follow each other 
with great rapidity, produced by the successive impulses caused 
bv the oscillating arc, and produce a continuous “static " in 
the station, which ultimately produces somewhere a short 
circuit, and so a low-frequency surge. 

In short, the number of combinations of such phenomena is 
unlimited. 

11. The problem of lightning protection then is threefold. 

1. Prophylactic; to guard against the entrance or origin of 
disturbances. 

2. Restrictive; to guard against a disturbance leading to 
other disturbances. 

3. Curative; to discharge a disturbance harmlessly: 

As seen, the problem is a vast one, and comprises nearly every 
part of design, installation, and operation of the system. 

1. Prophylactic; against entrance of atmospheric disturbances 
The location of the transmission line should be chosen so as to 
avoid exposed positions as far as possible. A grounded over- 
head wire of good conductivity offers considerable protection. 
Grounded side wires increase the protection and discharge side 
drift. The question of barbed wire against plain wire also is 
still open to discussion. Emergency arresters in the lines or 
arresters at intermediate stations may shunt traveling waves 
toward ground. | 

Grounding the neutral of the high-potential circuit offers some 
protection against static charges and against arcing grounds, 
but increases the liability to short circuits and shutdowns due 
ot other causes. 

A study of transformer connections and their operating con- 
ditions, of generator wave-shape and connections, of the pos- 
sible origin of higher harmonics of the potential wave, the con- 
struction and location of underground cables, the protection 
of their joints, the desirabilitv, size and location of reactive 
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coils—all are subjects requiring careful consideration from the 
point of view of lightning protection. In short, the most import- 
ant problems of lightning protection are met and should be 
solved before the question of lightning arresters is approached. 
The problems 2 and 3, to limit the disturbance, so that it does 
not cause other and possibly more severe disturbances, and to 
discharge it safely, are the problems which the designer of the 
lightning-arrester has to solve. I understand that these will 
be taken up in the other papers announced for this evening. 
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* ZIGZAG LEAKAGE OF INDUCTION MOTORS. 


BY R. E. HELLMUND 


Various formulas have been given heretofore for the pre- 
determination of the leakage coefficient of induction motors, 
but the results derived from these formulas are so divergent 
that the formulas themselves are rather discredited. It seems 
to the writer that the following study about the values of the 
zigzag leakage may help to clear this somewhat unsettled ques- 
tion. 

In the study of induction motors the leakage coefficient is. 
one of the most important factors, and therefore this value will 
be chiefly discussed in what follows. Unfortunately the defini- 
tion of this value is very unsettled in practice. Some writers 
when deriving the induction motor theory introduce the leakage 
coethcient as a ratio of magnetic reluctances in the motor, and 
others introduce it as a ratio of fluxes which exists while no 
secondary reactance takes place. These two different defini- 
tions may be represented by the two following equations: 


p 7h (1) 


where R, = the reluctance of the flux being interlinked with 
the secondary windings, Rp = the reluctance of the flux being 
interlinked with the primary winding, and 7, = the primary 
leakage coefficient. 


where Fp = the flux being interlinked with the primary wind- 
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ing, F, — the flux being interlinked with the secondary winding, 
and т, = the primary leakage coefficient. 
Two other definitions which are frequently used are as follows: 


> = (3) 


where К» is again equal to the reluctance of the total flux inter- 
linked with the primary winding, R, = the reluctance of that 
part of the flux which is interlinked with the primary winging, 
but not with the secondary winding, and t, the primary leakage 
coefficient. 


= т, (4) 


where Fe = again the total flux interlinked with the primary 
winding, F, = that part of the flux which is interlinked with 
the primary winding, but not with the secondary winding, and 
t, = the primary leakage coefficient. 


Since 
Fp = Е;+Е, 


we may easily find 


1 


T3 


similarly a relation between т, and т, may be established. 

It is therefore always possible to find the values т, and т, 
if т, and т, are known, so it will be sufficient to deal in the fol- 
lowing with the two latter values onlv. For instance, a three- 
phase motor with one slot per pole per phase in both members 
has been chosen. Fig. 1 shows the arrangements of the slots 
and windings, and the rotor in such position that the stator 
and rotor teeth do not coincide. It is simple to trace all the 
possible paths of the magnetic fluxes as shown by dotted lines. 
Moreover, in order to find the values of all the existing fluxes 
it is simplest to treat the magnetic circuits as electric circuits. 
Fig. 2 gives the magnetic circuits reproduced from Fig. 1 as 
electric circuits. In all places where a flux passes through air 
a resistance has been introduced, while the practically very 
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small reluctance of the magnetic paths in the iron has been 
neglected. The magnetomotive force which the primary mag- 
netizing current impresses upon the primary teeth has been re- 
placed by electromotive forces, E,, E}, and Е,. It can be easily 
shown that the magnetomotive forces in opposite teeth must 
be equal in value and in direction, and therefore that all cur- 
rents respectively fluxes in directly opposite parts of the system 
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must be equal in value and opposite in direction. This has 
been taken into account in numbering the circuits and in as- 
suming the current direction as indicated by arrows. 

It would now be possible to find all the values of the various 
fluxes and then to determine the value of the zigzag and slot 
leakage together. The zigzag leakage alone may be found 
simply by omitting the slot leakage fluxes in the further calcu- 
lation, although thereby a small error in the values of the pri- 
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mary fluxes is introduced, the same 1s of no practical importance 
at all, the slot leakage being mostly less than 1% of the total 
primary field. It is obvious from the figures that the resist- 
ances of the circuit 4, 5, and 6 are equal, and that also the re- 
sistances of the circuits 8 and 9 are equal. If, therefore, we put 


focum ED 
r, = 1, =r, = а 


and 
we find from Fig. 2 


and 
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From this we find 


11 
F, = E, (3+5) 
1 1 
F, = E, (2^ ;) (5) 
1.1 
F, = E (3+5) 
and 
E 
Piece : 
E, E 
bue pt (6) 
E, E, 
2 ат 


Now we know that the currents flowing in the primary wind- 
ings are 120?, shifted against each other, and may with open 
secondary circuits assumed to be sinusoidal. 

It may be 

1p, = cos (x + 240) 
la, = COS X 
te, — cos (х + 120) 


We find, therefore, the magnetomotive forces 


E, = cos х + cos (x + 240) = — cos (x + 120) 
E, = cos x (7) 
Е, = cos x+cos (x +120) = — cos (x + 240) 
It follows now from 5 and 7 
1 1 
== 2 бае Бб 
{ cos (x 4- 120) (2+2) 
1 1 
Е, = cos х (2+5) (8) 


F, = — cos (x - 240) (1+) 
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and from 6 and 7 


cos (x + 120 cos x 

Pape p 
cosx cos (х + 240) 
Pu = — ee 


b a 


eee b a 


ых 


PRIMARY AND 
FLUX 


VALUE OF FLUXES FOR 5-0 


cos (x + 240) y cos (x + 120) 


[May 24 


(9) 


It is now obvious that after the values a and b have been 
determined from Fig. 1 for a certain rotor position, the primary 
flux may be found for any time-angle, x, by simply adding 
arithmetically the values being found for F,, F, and F, for 
this time-angle; in the same way the secondary flux may be 


found by adding the values of Fio F,,, and F,,. 


In Fig. 3 the primarv and secondary flux as found in this 
way have been given as a function of the time for the rotor 


position for which the angle 3, Fig. 1, is 0. 
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As will be seen, both fluxes change with the time,* but pri- 
mary and secondary fluxes are always equal; this means that 
for this rotor position no zigzag leakage flux exists, and the 
leakage coefficient т, = 0. | 

In Fig. 4 the primary and secondary fluxes are given for a 
rotor position for which 9 = 15°; that is, for a position where 
the rotor slots are shifted about one-quarter tooth against the 
stator slots. It will be seen that both fluxes change again with 
the time, but their values are now different from each other. 
It is obvious that at any moment the difference between the 


VALUE OF FLUXES FOR @=15° 


TIME "NM 


- 0 30 00 90 120 


primary and secondary fluxes represent the leakage flux. Fig. 5 
gives the value of т, as function of the time as found from 
Fig. 4. The maximum value of т, is for this rotor position 
about 0.177, and the average value may be found to be about 
0.097. 

Figs. 6 and 7 give the same curves as Figs. 4 and 5, but for 
a rotor position for which 3 = 30°; that is, for a position where 
the rotor slots are shifted about one-half tooth against the 
stator slots. 


* See study about the rotating field, Electrical Review, September 22, 
1906. 
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In this case the maximum value of т, = 0.25, while the 
average value may be found to about т, = 0.134. 
* It remains now to find what influence the magnetic Jeakage 
as found before has upon the value of the potentials being in- 
duced in the secondary circuits. | 

The potential induced in coil A, will be 


а(Е,+Е,+Е,) 


баб == dx 
or 
_ d+, +E) П 3 | 
dc eom FEES | (10) 
ог 
€4, = — =— 2sinx 


For the potential induced in coil А we find in a similar way, 


€a? = = (— E, + Е,+Е,) + 1. (ЕЁ, E, E, 


or 
А 1 а [2 соѕ (х — 60)] Кл d | (2 cos x) 
xc =. dx b dx 
(11) 
БИШ. 
баз = — = sin (x— 60)— 2 т p sin x 


It is now simple to find the maximum value of the potential 
in coil A,, 
€a, Max. — 2 


and the effective potential in coil АА, 
€a, eff = 
di Fi 2 Ф 


The maximum value of the potential in coil A, is obtained for 


COS ¥ (13) 


е К 


2 
5 is (x —60) — 
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It is now possible to find for any ratio of a to b; that is, for 
any rotor position from 13 the value of x for which the sec- 
ondary potential reaches its maximum e,, maximum. Curve А 
in Fig. 8 gives the relation between the rotor position and the 
time-angle x, for which the secondary potential reaches the max- 
imum value. After this curve has been determined, it is pos- 
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sible to find from 11 the maximum and the effective potential 
induced in the secondary winding. Curve C gives the sec- 
ondary potential as found for different rotor positions. Curve B 
gives the primary potential as found from 12; the same is, of 
course, independent of the rotor position, on the assumption 
that the air-gap is uniform and that the influence of the slot 
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openings may be neglected. Curve D represents the following 
value: | 


where the value of ea, effective and ea, effective are taken from 
Curve B and C. 

A comparison of the average values for t, as found from 
Figs. 3 to 7, with the values of y for the same rotor positions, 
shows that 


This shows for the case under consideration the correctness 
of the partly customary method for determining the leakage 
coefficient t, from tests, which consists in testing the primary 
and secondary potential of a motor and in assuming, 


z баі eff—e,,eff Fe 
id €a, eff Fp 


As average value for t, we find from Curve D, 


t, average = 0.081. 


The fact that Curve D is not a straight line shows that it 15 
not admissable to assume the leakage coefficient equal to the 
average of its maximum: value and its minimum value, as has 
been done by various authors. The mistake which would 
thereby be introduced in the case under consideration is quite 
considerable. The average of the maximum value of t, and 
its minimum is 

0+0.134 _ 


= 0.067; 


that is, about 20% different from the real average value 0.031. 

It remains now to find the value of 3 for comparison. Fig. 9 
shows the rotor in its position for B = 30. A glance on this 
figure shows that т, according to its previously given definition 
is 0.333 = 4, since the total primary flux of course passes through 
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three teeth, while the leakage flux passes through (2X4) tooth 
only. The ratio of the resistances of the two paths is therefore 
"E күз 
Ts = 2x4 = j 
The value of т, for the same position was 0.134, and we see 


therefore that c, and т, are two entirely different values; in the 
case under consideration their difference amounts to more 


than 100€,. This shows that it is of the highest importance 
in any study of the induction motor to make a strict distinction 
between the two values. 

The exptanation of the phenomena causing the difference 
between t, and t, is comparatively simple. It is obvious that 
if the maynetomotive force and therefore the density over one 
pole face should be uniform, the values т, and т, would be equal. 
Since, however, the magnetomotive forces and, therefore, the 
densities near the pole limits are considerably smaller than near 
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the center of the pole, it is obvious that the flux near the pole 
limits which forms that part of the flux which does not thread 
the secondary windings (1.e., the leakage flux) must be much 
smaller than it would be in case of a uniformly distributed field. 

It seems to the writer that in deriving the diagram of the 
induction motor the value t, should be used, since for the field 
diagram the actual ratio of the various fields and not that the 
reluctance of their paths is of interest. To introduce the value 
of z, as leakage coefficient, as has been done by Hevland, Behn- 
Eschenburg, and others, is not correct unless another coefficient 
giving some ratio between the magnetomotive force of the 
main field and that of the leakage fields be introduced. The 
previous considerations applv, of course, to the zigzag leakage 
onlv, but it is obvious that similar facts applv to the other 
kinds of leakages. 

The previous considerations were dealing with the leakage 
coefficient as determined on the assumption that no secondary 
reaction takes place. The coefficient т, as previously deter- 
mined would be the right value upon which the theories for the 
load conditions might be based, if the secondary reaction would 
be caused by sinusoidal secondary currents onlv for all load 
conditions. For the blocked rotor condition of the motor, 
that 15, for the starting condition, this condition 15 fulfilled. 
Assuming that sinusoidal electromotive forces are impressed 
upon the motor we have found that all the fluxes in the motor 
are sinusoidal functions of the time, we also have found that 
the electromotive forces induced in the secondary circuits are 
sinusoidal. If, therefore, the secondary circuits are closed the 
currents flowing will be sinusoidal and the reactions caused bv 
secondary currents will be sinusoidal functions of the time. 

Fcr all other load conditions the phenomena are not quite 
as simple. If the field set up bv the primary windings had a 
sinusoidal space distribution over the poles, and if it were con- 
stant in value; and if it rotated with uniform speed—then all 
potentials induced in the secondarv and, therefore, the currents 
in the secondary and the magnetic reactions, would be alwavs 
sinusoidal, no matter what the speed of rotation of the rotor. 
This 1s, however, not the case. The curves given in Figs. 3. 
5. and 7, for the total value of the primarv field show that the 
latter varies in its strength. 

We also may conclude from the previous considerations 
that the field does not rotate with uniform speed. If the 
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field rotated with uniform speed, Curve A of Fig. 8 would have 
to be a straight line. The speed of the field as function of the 
time may be easily found from Fig. 8, Curve A, and is shown 
by Curve A in Fig. 10. 

. It also may be shown that not only the speed of the field 
as a whole varies, but that the speeds of the various parts of 
the field are different from each other, and vary with the time. 
If, therefore, the rotor rotates with a certain speed, the electro- 
motive forces induced in the rotor windings are not only due to the 
slip, but:there are also certain electromotive forces induced by 
the fluctuations of the strength of the primary field and by the 
irregularities in the speed of rotation of said field. (There is, 
of course, a possibility that the irregularities of the strength of 
the field and those of the speed of the field eliminate each other 


| E 


11 


tpt] Pe 


"TP NEL "P @ 

| | | TIME m T 
in their effect upon the secondary windings; it may be shown, 
however, that this is not the case.) 

It seems almost impossible to determine the exact phenomena 
for all load conditions. It is possible, however, to find pretty 
exactly what happens while the motor is running under no load. 
It can be shown that while the rotor is running synchronously 
with a uniform speed the secondary reaction will cause the field 
distribution over the pole faces to have a step-form of such a 
shape that the area of each step is equal to the corresponding 
area of a sine wave. (See Fig. 11.) 

The above causes of the secondary reaction have been partly 
discussed by other writers. A detailed and pretty complete 
account of them, as well as a derivation of the field shape for 


the no load condition has been given by the writer in a study 
given in Electrical. Review, September 22, 1906. 
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. The fact that the field has a distribution as outlined above 
gives a very simple way to determine the zigzag leakage co- 
efficient as defined under 4, but for the no-load condition. 

If we consider the teeth near the pole limit (Fig. 12), we see 
that the primary zigzag leakage flux at one pole limit can never 
be larger than the flux a going through the smallest air-gap А 
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to the rotor, while except for the rotor position where .1 = B, 
part of the flux going through the air-gap B interlinks with the 
secondary conductors and only the remaining part A is leakage 
flux. The flux А 15, however, proportional to the smallest 
step of the area representing the flux distribution (see Fig. 11). 
We mav therefore define the zigzag leakage coefficient for the 
hyht running motor as follows: 
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2 x area of smallest step 


*3 = “Total flux area pro pole 


The coefficient 2 has to be introduced because each pole has two 
pole limits. 

Now we know that the area a equals always the corresponding 
area of a sine wave. If the angle of the area a is 3 we have 


3 
a feas - 1— cos 3 
0 


The total flux per pole is 2, therefore, the leakage 1s 


т = Bu p) = 1— cos 3 

For the case under consideration the maximum leakage is 
obtained again for position Fig. 9; that is, for 8 = 30. 

Fig. 13 shows the leakage coefficient т, as function of the 
rotor position. A comparison of this curve with Curve D of 
Fig. 8 shows that the leakage for the light running motor is en- 
tirelv different from what it is for the stationary rotor. 

The maximum value of т, is 0.134; that 15, the same as that 
of z,, but the average value for the various rotor positions is 
for т, only 0.046, while that of т, was 0.081. 

It is simple to determine т, for any number of slots per pole. 
If и is the number of slots per pole the maximum leakage co- 
efficient т, is always: 


2n 


dtd 


т, Maximum = 1— cos 


(equal number of slots for stator and rotor being assumed) 
and for the average value we find 


кш = 
T ә 
2n[|77 211 — 
T, av. = refa d 3 = —— | (1— cos 3)d 3 
л л 
0 e 0 


t em 


rn 
2n enu 2n. m 
тау. = — - (3— sin 3) | = 1— — sin — 
? п * c 20 


0 


The values as obtained from this last formula for different 
values of и are given in Fig. 14. 
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The fact that ‘the leakage coefficient varies with the load 
condition makes it rather difficult to obtain an exact value for 
the various conditions between the no load and blocked rotor 
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conditions. Тһе writer has shown in an article published in 
the Electrical World that the secondary reaction at the light 
running motor does change not onlv the field distribution but 
also the wave shape of the no load magnetizing current. It 


e. 
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remains to be investigated how the load currents combining 
with the magnetizing current for the running motor are in their 
general character, wave shape, etc., before any final conclusions 
can be made. It seems reasonable, however, to assume that 
the right value for the leakage coefficient for the load con- 
dition will be somewhere between c, and t,. In fact, the writer 
observed quite frequently that the currents for low loads have 
a better power-factor than found from the diagram, which 15 
derived from the blocked rotor condition. Of course it is neces- 
sary to be very careful in concluding from tests, since the 
change of the leakage coefficient, caused by the fact that the 
reluctance of the iron is not constant, may influence the results 
considerably. The writer has shown in an article in the Elec- 
trical Review, Jan. 29,'07, that the change of the leakage coefficient 
caused by the changing reluctance of the iron may amount to as 
much as 50% between noload and blocked rotor condition in com- 
mercial motors. Since these changestend, however, to change the 
leakage so as to decrease it when the motor decreases in speed, 
the tests showing a power-factor for low loads which is better 
than derived from the blocked rotor test, seem to confirm the 
above theories. 

It may appear that the previous considerations being of a 
rather theoretical nature will be of little practical value, since 
no final formula for the zigzag leakage for the various load 
conditions has been given. The more surprising it will be if 
the writer states that this paper is the result of an attempt to 
give an exact and practical formula for the calculation of the 
leakage coefficient. This paper should, therefore, be con- 
sidered more as a preliminarv work, which is merely intended 
to bring out certain facts, which must be considered in connec- 
tion with any study about the leakage coefficient. 

It is obvious that in constructing a practical formula for 
the leakage coefficient it will be necessary on account of the 
rather complicated nature of the real phenomena to admit certain 
inexactnesses into the formula. Since this is the case it might 
seem advisable to use one of the existing formulas, as for instance, 
the one known as Behrend formula. Although this latter formula 
gives for motors of standard design fairly exact values, the same 
seems to be to the writer objectionable for two reasons. A 
change of the slot dimensions will, for instance, according to 
this formula, change the value of the leakage considerably, 
while in motors with a large number of slots per pole. a change 
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of the slot dimensions dves not affect the leakage very much. 
On the other hand, a change of the ratio of the pole-pitch to 
the width of core will, according to the formula, affect the 
leakage also considerably; while in a motor with a small number 
of slots per pole, said ratio has little influence on the total 
amount of the leakage. | 

Since the various kinds of leakage are not dependent upon 
each other, a formula for the leakage should take them into 
consideration separately. A formula of this kind is the latest 
formula given by Behn-Eschenburg. This formula, however, 
gives, as mentioned before, the zigzag leakage coefficient. as 
defined by formula 3 and the values for the zigzag leakage are, 
therefore, considerablv too large. Moreover, the dimensions 
of the slot are not taken into consideration at all, and the 
so-called belt leakage discovered by Professor Adams* 15 also 
neglected. In spite of this the latest Behn-Eschenburg formula 
gives also fairly exact values for the total leakage coefficient for 
standard motors, and the formula is fairly simple. 

During several vears of designing practice, the writer has 
become more and more convinced that the simplest formula 
is not at all the most practical one. In order to obtain a well- 
designed machine in which the best results are obtained from 
a certain amount of material, 1t 1s absolutelv necessary for the 
designer to have formulas which not only give a fairly exact 
total result, but which also indicate in a fairly exact way the 
results of any change made in the design. If, for instance, the 
change of the slot dimensions has a noticeable influence on the 
performance of the motor, the designer should be able to know 
how much this influence amounts to. On the other hand, 
it seems to the writer perfectlv indifferent whether the de- 
signer requires one minute or five minutes to determine the 
leakage coefficient of an induction motor while he is laying out 
a new line of machines, as long as even a small advantage may 
be obtained by spending five minutes instead of one. For 
routine design work which, of course, should be done as quicklv 
as possible, formulas are used very little, because most factors 
are usually known from previous tests. 


* The writer does not want to fail to call attention to the very valu- 
able work about the determination of the induction motor leakage, done 
by Professor Adams. This paper is published in the Transactions ofthe 
International Congress of St. Louis. 
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PROTECTION AGAINST LIGHTNING, AND THE MULTI- 
GAP LIGHTNING ARRESTER 


BY DAVID B. RUSHMORE AND D. DUBOIS 

In this paper the term “ lightning " is used in its comprehen- 
sive sense as defined by Dr. Steinmctz to include “ All phe- 
nomena of abnormal voltage and abnormal frequency." 

The object of this paper is to set forth the most recent de- 
 velopments in the multigap lightning arrester and to give 
recommendations concerning the protection of transmission 
lines and electrical apparatus from lightning disturbances. 
Reliable photographs of lightning are rare and difficult to 
obtain. A number of these, some of which have been published 
before, showing the varieties of lightning discharge, are included 
as a matter of general interesi. 

Fig. 1 is an instantaneous exposure of a stroke downg the 
peculiarly knotted path often taken. The best explanation of 
this is that the lightning at that point took a direction toward 
the camera, and, as is always the case, did not follow a straight 
line. We, of course, see the projection of its path in our direc- 
tion. . 

Fig. 2 shows an instantaneous photograph of what is known 
as a meandering discharge. It is confined to the clouds and 
seems to be a general neutralizing of potentials. 

Fig. З is an actual photograph of that riddle, “ the thunder- 
bolt.” This phenomenon has been observed so often that we 
cannot deny its occurrence. There are at least three theories 
as to its nature. 

1. That it is what it appears to be, a ball of globular light- 
ning, which bounds about burning and destroying. This theory 
is backed up by no explanation. 

347 
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2. That it is an optical illusion. That the eye is blinded by 
the light of a lightning flash and therefore sees the ball of fire 


Fic. 1. 


wherever it looks. This theory is rational except that it does 
not account for the damage done where the ball is last seen. 


Fic. 2, 


3. That the eve sees a stroke coming directly toward it from 
the sky, as in the knot of Fig. 1. This would produce the effect 
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Fic. 3. 
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of a ball of fire, but the ball described usually moves slowly 
from place to place. To fit the theory, then, the lightning must 
be supposed to last for a consilerable time and to shift its 


Fic. 5. 


path, or to be made up of a number of strokes, each traveling 
by a slightly different path. 


Fic. 6. 


The photograph here shown should discredit the second of 
these theories. The dotted character of a part of a stroke 
should be noted. 
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Fic. 7. 


Fic. 8. 
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Fig. 4 shows in the lower corner another of these peculiar 
strokes. 

Fig. 5 shows what is known as ribbon lightning. This photo- 
graph was taken from an express train on the prairie of North 
Dakota. This effect may not be due to the movement of a 
camera, as the telegraph pole shown shows no movement. 
It may be, however, that only the brightest part of a flash gave 
enough light to take the photograph of the pole. In the first 
case we would conclude that the stroke moves sideways. In 
the second case that the stroke lasted for some time. Possibly 
if viewed from. near the point of striking this would have re- 
sembled the “ thunderbolt " of Fig. 3. 


Fic. 9. 


Fig. 6 shows a radial discharge among the clouds. 

Fig. 7 shows a parallel discharge, most likely two discharges, 
one closely following the other. 

Fig. 8 shows a horizontal discharge turning earthward. In 
this case a discharge must have started from cloud to cloud, 
but have come so near the earth that a second and stronger 
stroke took place from earth to one of the clouds. The second 
stroke would naturally follow the path ionized by the first. 

Fig. 9 shows a horizontal discharge from cloud to cloud over 
Salt Lake City. 

Fig. 10 is a remarkable photograph of lightning striking the 
tower of the City Hall in Philadelphia. This stroke knocked 
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off one of the great iron rosettes of the tower but did no great 
damage.* 

In considering lightning protection, the first step is naturally 
to study the apparatus to be protected, then the forces to 
which it will be subjected, and finally the protecting apparatus. 
The source of trouble '' Lightning ”' is the subject of another 
of this evening’s papers. For apparatus to be protected, we 
have insulators, transformers, switches and generators. The 
specifications for dielectric strength of generators is as provided 


Fic. 10. 


for by the American Institute of Electrical Engineers. The 
usual specification for high-tension transformers is that they 
shall stand from line to core twice the normal line voltage, inde- 
pendently of whether the transformers are star or delta con- 
nected. Switches are made to stand two and one-half times 
normal line voltage, and insulators should stand three times 
the line voltage dry, and one and one-half times the line voltage 

*These photographs were obtained through the courtesy of Mr. W. F. 
Jennings, of Philadelphia, Pa. They are copyrighted. 


354 RUSHMORE AND DUBOIS : [March 29 


with a precipitation of one-fourth inch per minute at 45°. The 
allowable rise of potential on the line is therefore less than 
100%; about 60% of line voltage seems a desirable point at 
which the protective apparatus should operate. 

Protecting apparatus consists briefly of lightning arresters, 
horn arresters, static discharges, choke-coils, and ground wires. 
Here lightning arresters are defined as apparatus that can re- 
lieve the line of high voltage without disturbing operating 
conditions. 

Transformer Connections. From the standpoint of protection 
of the system from static disturbances, whether external or in- 
ternal, the grounded star transformer connections with over- 
head ground wire offers the best conditions, and is in general 
recommended where other conditions do not decide. The causes 
of most frequent disturbances on transmission systems are short- 
circuits and grounds. 

As regards short circuits between wires, there is but little to 
choose between the star and delta connections; but as regards 
grounds, and especially partial grounds, the grounded star 
system affords a great advantage in the reduced possibility of 
a disastrous increase in voltage. 

When a ground is formed on one line of a high-tension trans- 
mission, that line should at once go out of operation, and with 
a properly designed system no interference with the delivery of 
power should result. 

All of the considerations which enter into the question of trans- 
former connections are not pertinent to the question of lightning 
protection, but from that standpoint the grounded star system 
with the overhead ground wire is most desirable. 

The Horn Lightning Arrester. Due to its apparent sim- 
plicity, the horn lightning-arrester has of late received con- 
siderable attention. It is, however, not a piece of real protec- 
tive apparatus in the sense of protecting the line without dis- 
turbing the conditions of operation. If it is used without re- 
sistance, it has the effect of a short-circuit; with resistance 
high enough to prevent it from causing a great drop in voltage, 
the protective features are largely eliminated. It is in reality 
an emergency device, a weak point in the system which is the 
first to rupture when the voltage rises to a dangerous value; 
if the system is without protective apparatus, it locates the point 
of breakdown when the condition is such that some failure 
must occur. 
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In general, the discharge of horn arresters without resistance 
wil throw synchronous apparatus out of step, and necessitate 
starting up the system again. The voltage will drop to zero at 
a short circuit, and, as the arc may last from two to three seconds, 
the disturbance of the system is considerable. Where a fuse 
is used in series with a horn having no resistance, it can, of 
course, take but the one stroke and after this the system is un- 
protected. А flaming arc in air, such as occurs with the horn 
arrester, is a possible source of disturbance much worse than 
the original one, and under certain conditions can give rise to 
very high voltages, so that the possibility exists that the horn, 
instead of being a protective feature, may become a disturbing 
one. | 

The horn arrester with sufficient resistance to prevent short 
circuiting the system at time of discharge has some small pro- 
tective value, which can easily be determined by the amount of 
resistance used. The real function of the horn arrester is its use 
to protect insulators along a transmission line, where the horns 
are so arranged that the current will jump to the horn before it 
will arc around the insulator. In this case the system would be 
disturbed either way. Where it is allowed to arc around the 
insulator, the latter would probably be destroyed and the time 
of disturbance of the system might be considerable— possibly 
until the insulator is replaced. ‘With a horn protecting the in- 
sulator, the resulting short-circuit, while very undesirable in 
itself, is less disastrous than in the former case, and may only 
necessitate starting up the synchronous apparatus again. 

Many disturbances caused by atmospheric lightning are of 
such high frequency that they will not travel along the line for 
any distance; but will jump to ground within a short distance 
of where the disturbance originates. To protect against this, 
the use of horns is recommended. 

Care must be taken in the formation of the horns, and it must 
be remembered that the magnetic effect in putting out the arc 
is much greater than that of the heat causing the arc to rise. 
By improperly forming the horns, the arc will travel down in- 
stead of up, and will not clear itself. Horn lightning arresters 
have been installed on transmission lines in this country for a 
considerable number of years. In most places, however, where 
they have been used no careful record has been kept of their 
operation. 

Protection for Wood Pole Transmission Lines. Practically 
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complete protection for wood pole transmission lines can be 
effected against disturbances from atmospheric lightning. The 
best method of doing this is shown in Fig. 11. Here we have 
an overhead ground wire in connection with a lightning-rod and 


horns protecting the insulators. The overhead ground wire re- 
lieves the electrical stresses that would otherwise be thrown on 
the transmission line. The pipe supporting the ground wire 
acts as a lightning rod, and also as a horn to the top conductor, 
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protecting its insulator. Side horns are attached to the cross- 
arm, protecting the two lower insulators, and these are all well 
grounded by a conductor attached to the side of the pole. This 
sketch is somewhat diagrammatic. The actual dimensions and 
construction as shown would not be used. The addition of the 
lightning rods has in some cases been found very efficacions. 

Static Discharges. From the description of the new form of 
multigap arrester it will be seen that the arrester includes a 
static discharger consisting of the high resistance with the small- 
est possible number of gaps inseries. This should offer sufficient 
protection against static wherever the arrester is used. There 
are cases, however, where the complete arrester is not thought 
necessary; such, for instance, as to protect underground cable 
systems having no exposure to lightning. In these cases the 
high resistance and series cvlinders can be installed alone. Of 
course no protection against low-frequency surges of power 
is obtained, and if such are likely to occur the whole of the ar- 
rester should be used. 

Water-Jet Arrester. What is known as the wateér-jet arrester 
has been used abroad to some extent, and in certain localities 
has apparently obtained a reputation which it is difficult to 
justify. 

The equivalent needle-gap and the resistance of this ar- 
rangement are so great that it is evident that no real protec- 
tion is obtained by its use. Its only function can be that of 
a high resistance connected permanently to the line, and in 
this case it has the advantage of being self-repairing if rup- 
tured by discharge. It should to some extent prevent the 
slow accumulation of static charges on the line. It is, how- 
ever, difficult to install, and it 1s questionable if the same re- 
sults cannot better be obtained in other ways. Its use is 
not recommended. 

. Ground Wire. Without doubt an overhead ground wire af- 
fords protection to a transmission line. This protection is not 
complete, as a very few cases exist where insulators have been 
lost by lightning strokes even when a ground wire was used, 
but these instances are so very rare that the use of a ground 
wire is strongly recommended. It should, however, be installed 
in addition to other apparatus, and, while it will almost en- 
tirely protect the line, it does not protect the station apparatus 
completely. The use of a ground wire very greatly relieves the 
stress which can be thrown on the station apparatus, however, 
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and much reduces the duty required of the station lightning 
arresters. 

A #-in. stranded steel wire, grounded at least every 500 ft., 
should be installed above the highest transmission wire. Ex- 
perience demonstrates that this is desirable, and that a ground 
wire below the transmission wires or in the center of a triangle 
is not as effective as one above. One ground wire is all that is 
necessary, although theoretically more are better; but, consider- 
ing the great relief obtained from one wire and the small possible 
margin of protection from an additional wire, which would 
double the cost of installation, it is doubtful if commercial con- 
siderations would often allow the installation of more than one 
wire. The ground wire in connection with the earth forms a 
short circuited secondary which helps to dampen out disturbing 
oscillations. 

Some early experience with ground wires were with those 
mechanically weak, and, at least in one case, the benefits which 
might have been derived from the electrical protection were 
more than cancelled for by the frequent breaking of the 
wire and the trouble caused by these disturbing the transmission 
system. With the wires specified above, no such trouble will 
result. 

Where a ground wire is used in connection with the grounded 
neutral of a star-connected high-tension system, the best results 
wil be obtained. In some cases the ground wire is mounted 
on insulators and is identical with the other conductors, in 
which case it is possible to use it as a spare conductor after 
removing the grounds. In all cases, both with wooden pole 
transmission lines and where steel towers are used, the useofa 
ground wire is recommended as a protective device against the 
effect of lightning. 

Choke-Coils. The disturbances on a system in which pro- 
tective apparatus is used come from various sources and are of 
various characteristics as regards voltage and frequency. If 
our object was to protect the station against disturbances which 
emanate from the transmission line, high reactance might be 
desirable except as it interferes with the regulation of the sys- 
tem. When, however, the disturbance 1s inside the choke-coil, 
high reactance is undesirable. In the case of a system with 
large capacity, an arcing ground in series with the high-react- 
ance choke-coil may cause excessive rise of voltage. If one 
goes through the list of possible disturbances, it is seen that in 
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some cases high reactance in a choke-coil is desirable; in 
others it is equally undesirable. It is, therefore, recommended 
that a choke-coil be used, but that it possess but moderate 
reactance, sufficient to reduce the pressure thrown on the sta- 
tion apparatus by an amount which will in general bring it 
within the safe value of the dielectric strength of such ap- 
paratus. Moreover, a choke-coil to be effective at high-frequency 
discharges should have very little capacity between turns; 
otherwise the discharge will merely pass through from turn to 
turn. The coils should, therefore, not be too close together 
and should be insulated by a substance having low specific 


inductive capacity—air. Another advantage of air as an insu- 
lator for a choke-coil is that there is no chance of permanent 
short circuit. Where ordinary insulation is used in a. choke-coil 
there is no way to tell that the insulation has not been de- 
stroyed. Each stroke may break down a few turns until finally 
the coil is punctured from end to end. At the next stroke 
there is trouble. 

Grounds. It is of the utmost importance to have lightning 
arresters well grounded. The ground wire, preferably flat copper 
strip, should lead directly to ground with as few bends as pos- 
sible. It sometimes happens that a good ground cannot be 
conveniently made near the arrester, or that a better one can 
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be made at a more distant point. In this case it is recom- 
mended that the principal ground be made at the more distant 
point, but that a ground of some sort, the best possible under 
the conditions, be made directly underneath the arrester. By 
the use of three grounds at a station the ground resistance of 
each can be determined. The two secondary grounds need not 
be complicated or expensive: iron pipes driven into the ground 
wil answer. A record of the resistance of the grounds can 
thus be kept, and their good condition assured. All three 
should be used in parallel. 
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MuULTIGAP LIGHTNING ARRESTER. 


Theory. As is well known, the essential elements of the 
multigap lightning arrester consists of a number of cylinders 
between line and ground and line and line, these cylinders be- 
ing spaced with a small air-gap between them. 

The multigap arrester is distinguished from the single-gap 
arrester in that it can be made to discharge abnormal rises of 
potential without disturbing operating conditions. Under most 
conditions of operation, it discharges at a much lower voltage 
than does a single gap the length of which is equal to the sum 
of the small gaps, and the interrupting power is such that the 
disturbing charge passes off without allowing the dynamic 
current to follow for more than one-half cycle. 
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The following theory of the multigap arrangement is in part 
new, and is the result of very careful study of its characteristics. 

As shown diagrammatically in Fig. 12, the cylinders of the 
multigap arrester act as plates of condensers in series. This 
condenser function of the multigap arrester is the essential 
feature in its operation. 

Supposing capacity to exist between the cylinders, and no 
capacity between cylinders and ground; if a potential is applied 
across the arrester, the distribution of this potential will follow 
a straight-line law and the fall of potential will be the same 
between any two cylinders. This is shown in Fig. 13. If now 
we ground one end of this device, Fig. 14, the distribution of 


potential over the cvlinders remains the same in value, but the 
potential is all in one direction, or the whole device is raised 
above zero potential, as shown in Fig. 15. However, besides 
the capacity between cylinders, capacity also exists between 
each cylinder and ground. This is shown diagrammatically in 
Fig. 16. The function of this second capacity is to distort the 
gradient. 

Where the number of cylinders is small, the curve showing 
the distribution of potential does not differ greatly from a straight 
line, as shown in Fig. 17. It will be noticed that this 1s a reversed 
curve, being symmetrical above and below the line of zero 
potential. 
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. If instead of grounding the transformer in the middle, we 
now ground it at one end, (Fig. 18), the whole device is raised 
above zero potential and the distribution of potential over the 
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cylinders is as shown in Fig. 19, where the curvature is in the 
same direction throughout but again not differing greatly 
from a straight line. 
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Where we have a large number of cylinders, the conditions 


are somewhat changed. If we have a device as shown in Fig. 20, 
which is supposed to represent a large number of cylinders con- 
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nected across a transformer with grounded neutral, the distri- 
bution over which is shown in Fig. 21, it will be noted that this 
curve differs considerably from a straight line. In this case 
there is a part of the apparatus in the middle where very 
small difference of potential exists between the cylinders, 
and the fall of potential at the end cylinders is much greater 
than that which exists between the cylinders nearer the middle. 
The distribution of potential over the device exhibits the genera] 
form of combination of an exponential function of opposite 
sign. If one end of the transformer is grounded instead of 
the middle, as shown in Fig. 22, we have the distribution 
of potential shown in Fig. 23. It will be noted that the 
drop of potential over the end cylinders, as shown in 
V,, Fig. 23, is very much greater than that shown in V,, Fig. 21, 
the voltages between lines being the same. If this potential 
drop reaches a certain value, a discharge across the cylinders 
takes place. With a large number of cylinders, therefore, a 
voltage which could not break through when the system was 
grounded in the middle may be high enough to break through 
when one end is grounded. 

It will be seen that the potential between the first and second 
cylinders in Fig. 23 is much greater than between the second 
and third, etc., from which it is evident that this arrester breaks 
down in successive steps. At a certain voltage across the 
arrester the potential gradient between the first and second 
cylinders is sufficient to break down the dielectric between 
them. The potential of the second cylinder, then, being con- 
nected to the first by an arc, rises, and may rise to such a point 
that it breaks down to the third cylinder, and the third to 
the fourth, and so on till the arc has passed entirely across the 
arrester; then the line current starts flowing across and the 
distribution of potential is changed, following now a straight 
line as shown. The potential difference between all cylinders 
is then the same, and becomes much less than in the case before 
a breakdown. It is well known that to maintain an arc of 
alternating current across a gap, the voltage must be at least 
high enough to re-break down the dielectric each time after 
the arc goes out at the end of a half-cycle. The dielectric 
is greatly weakened by the heat produced by the passage 
of the arc, therefore the voltage to maintain the arc need not 
be as high as that which originally broke across. The weaken- 
ing of the dielectric depends on the heat of the arc, and as this 
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depends in turn upon the boiling temperature of the metal of 
the arc cathode, certain metals when used as electrodes require a 
higher voltage than others to maintain an alternating-current 
arc. The connection between the boiling point of the electrode 
metal and temperature of the arc is as follows: the current 
is carried across the gap by a stream of metal vapor coming from 
the cathode. If the metal vapor forms at a low temperature, 
the temperature of the arc will below. Unfortunately, the low 
boiling temperature metals do not hold their form well under 
the electric arc. It is, therefore, necessary to use alloys rich in 
these metals. The metals of higher boiling point can not vapor- 
ize while those of lower boiling point are present, and so hold 
the cylinders in form without effecting the temperature of the 
arc. In the actual lightning arrester, much depends upon 
the choice of this alloy for the cylinders. 

The arresters are, of course, designed so that the voltage 
gradient shown by the straight line in Fig. 23 is not steep enough 
to give a voltage across the gaps high enough to maintain an 
alternating-current arc. An arc following a discharge across 
the arrester would therefore go out at the end of the half-cycle 
in which it occurred. 

In connection with the physical phenomena which takes 
place when the dielectric breaks down between cylinders, a 
note on the characteristics of air as a conductor of electricity 
is of interest. 

Gases in general are such poor conductors of electricity that 
for long there was discussion pro and con regarding their pos- 
session of this property. A very small conductivity, however, 
exists under normal conditions, and this may be much in- 
creased in a number of ways, so that gases under certain con- 
ditions are good conductors of electricity. The gases conduct 
electricity when the temperature is raised above a certain 
point; when the gas is drawn from contact with incandescent 
metals or carbon, or is drawn from the vicinity of flames; 
when an electric charge has passed through the gas, or when 
` röntgen, lenard, or cathode rays have passed through the gas; 
also when rays from radioactive substances or from uranium 
or thorium have passed through it; when gas has been exposed 
to rays from electric sparks; when the cathode is illuminated 
by ultra-violet light; also when air has passed over phosphorus 
or bubbled through water. Thus it is seen there are many 
means of imparting electric conductivity to gases, and not a 
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few of these are concerned in the breakdown of the multigap 
arrester. | 

When gas has become ionized by an electric discharge or 
otherwise, it retains its conductivity for a period which may 
vary from five to eight minutes, more or less, a fact which has 
an important bearing on discharges which follow the first 
breakdown, and also a fact to be taken into consideration in 
the use of fuses and circuit-breakers. 

The partial breakdown of a lightning arrester under normal 
conditions, when the static spark is playing across the first few 
gaps, generates rays which assist the breakdown of the gaps 
exposed to them; and as the breakdown of the arrester is a 
process of successive steps, the cumulative influence of this 
action may be considerable. The first discharge which passes 
across the dielectric or air is a true conduction of electricity 
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by the gas. The succeeding strokes, however, аге more or less 
in the nature of a minute arc stream, as shown by the spectro- 
scope. 

As before stated, when the voltage between any two cylinders 
becomes high enough. an arc takes place between them. Also 
voltage is highest between the cylinders nearest the line. Fig. 
24 represents a series of potential gradient curves, with number 
of gaps and voltage just sufficient to start the discharge across 
the first gap. These curves are for the ungrounded case and 
follow the approximate equation: 
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where V, is the voltage at any point x, 
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V isthe voltage across any arrester, 

g the gaps of the arrester, and 

K a constant depending on.the ratio between the capa- 
cities of cylinder to cylinder, and cylinder to ground. In all 
these the potential gradient between the end cylinders is seen 
to be the same and is supposed to be steep enough to break 
down the dielectric. It is seen that the number of useful gaps 


POTENTIAL GRADIENTS GROUNDED 


is limited, that beyond a certain point it makes no difference 
how many gaps are added, the voltage of breakdown is not raised, 
and that there is a definite limiting voltage which would start 
a spark across the first of an infinite number of gaps. As has 
been often pointed out, a lightning stroke itself must be a 
phenomenon something of this nature, as the distances are so 
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great that we cannot conceive of voltage high enough simul- 
taneously to rupture the entire dielectric. The lightning must 
either break from drop to drop or from dust particle to dust 
particle, working its way across to its destination. 

Fig. 25 shows the condition with one line grounded. In 
this case the potential gradient between the first and second 
cylinders is the same as before. It is seen that both the number 
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of useful gaps and the limiting voltage are half what they were 
before, for where the number of cylinders is such that the curve 
of distribution of potential becomes tangent to the axis of zero 
potential, any increase in the number of cylinders does not 
increase the voltage at which they break down, and this is just 
half the limiting curve for the ungrounded condition. In the 
design of the practical lightning arrester, however, we do not 
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work so high on the curves as is here shown, and the curves 
themselves are altered by the use of resistance. It is to be noted 
that for a low number of gaps there is little difference between 
the grounded and ungrounded curves. 

Fig. 26 shows curves of voltage and number of gaps founded 
on the curves of Figs. 24 and 25. These curves are of the same 
shape as have actually been found by test. 

Fig. 27 shows the volt-ampere characteristic of the arcs 
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between cylinders, and indicates that the voltage between 
cylinders is equal to the counter electromotive force of the arc 
plus a factor which is approximately inversely proportional to 
the square of the current. 

Fig. 28 shows the distribution of potential over the arrester 
with one line grounded, where breakdown occurs over a number 
of gaps without a complete discharge. This is one of the phe- 
nomena of multigaps. It will be noted that the potential 
gradient between the first two cylinders begins in this case at 
a point greater than the spark voltage, and that when this 
gap breaks down a new gradient is then established from cylin- 
der No. 2, which, although not so steep as that from No. 1, 
still breaks down the gap to No. 3; thus the successive gaps 
break down until a gradient is reached less than the spark 
voltage. The reason for the decrease in gradient is as follows: 
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when breakdown occurs from one cylinder to another, the 
second cylinder is charged to the potential of the first, less 
the drop in voltage due to the arc, which is shown in the arc 
characteristics, Fig. 27, to be very great at small currents. The 
current which flows across the gaps in this arc is, of course, 
small. It 15 made up at the normal frequency charging current 
and the charging current necessary to raise the gradient to its 
new position. On low frequency this last is most important. 
Due to the drop in voltage as the successive cylinders break 
down, the current through the arcing gaps also decreases, the 
gradient of drop in voltage following a curve. If the potential 
gradient as the arrester breaks down from one cylinder to an- 
other does not reach a value less than that of the spark voltage, 
the breakdown of the arrester is complete and discharge passes 
entirely across the apparatus. This means that either the 
voltage was higher at the start than in Fig. 28, or that the drop 
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in voltage between the gaps was less. This is shown clearly 
in Figs. 29 and 30, which also indicate in the most interesting 
manner the difference due to the effect of frequency, which is 
a very important factor with the multigap lightning arrester. 
In Fig. 29 the voltage was higher than in Fig. 28 and the 
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discharge was therefore complete. Fig. 30 with the same vol- 
tage as in Fig. 28 shows the effect of high frequency. 

As stated above, when the breakdown occurs from the first 
to the second cylinders, the potential of the second cylinder de- 
pends upon the amount of current which passes. As this current 
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is that due to the capacities, which have been considered, it 
will be greater at high frequencies and the fall of potential 
between the first and second cylinders will therefore be less. 
As the arrester gaps break down successively, the fall of potential 
from one cylinder to another is less, and therefore such an ar- 
rester will discharge at a lower voltage for a higher frequency 
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than for a low. At high frequency, due to the inductance 
of the cylinders themselves, the normal gradient is steepened; 
this also assists breakdown. In such cases (Figs. 29 and 30) 
where the arrester discharges completely, no point is reached 
where the potential gradient is less than that of the spark voltage. 

As is well known, the multigap arrester without resistance 
discharges more easily at high frequencies than at low. By 
properly designing the resistance, this can in a large measure be 
overcome, so that the arrester will protect equally well at one 
frequency as at another. However, in the case under considera- 
tion, no resistance was assumed. 

In the same way that high frequency lowers the break- 
down of multigaps by increasing the current of the spark, high 
resistance, bv absorbing voltage when this current flows, de- 
creases breakdown. Resistance is more effective at high fre- 
quency in increasing breakdown voltage, as at high frequency 
the charging current is higher and therefore there is more 
voltage drop in the resistance. 

Resistance. Resistance is one of the important factors of 
lightning-arrester construction. Its usual functions are, in gen- 
eral 1, to limit the current, 2, by shunting part of the arrester 
to give fewer gaps for low frequency to break across. 

Series resistance limits the current under all conditions, 
but, although in this way protecting the arrester, it is dangerous 
in case of a surge. It has still another and perhaps worse effect. 
All resistance is more or less inductive, and in case of high- 
frequency stroke, serious resistance will prevent free discharge 
and tend to reflect the disturbing wave. With series resistance 
the arrester may have all the optical appearance of discharg- 
ing freely and may puncture test papers, while its real value 
as a protecting device is not indicated in any way. 

The discharge of any quantity of electricity from a good. 
resistance during a time which must be at a maximum but a 
half-cycle is easily a matter of calculation, and it is apparent 
that, other things being equal, the protection afforded by an 
arrester is inversely as the amount of series resistance. 

As will be described below, an arrester has been developed 
in which no series resistance has been used, but in which resis- 
tance nevertheless limits the current of discharge except in 
extreme cases of surge. Resistance also makes the arrester 
break down at uniform voltage at all frequencies and assists 
to discharge surges. | 
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The desirable characteristics of resistance are as follows, 
it being impossible to obtain them all in any one known com- 
bination: 


1. Sufficient heat-absorbing capacity. 
. Surface of such character that arc will not flash over- 
Must be easily replaceable. 
Non-absorptive as regards moisture. 
Uniform conductivity over section. 
Non-inductive and straight. 
Should have no coherer action. 
Sufficient mechanical strength to stand red heat without 
failing. 
9. High specific resistance. 
10. Resistance should not change with use. 
11. Must not become incandescent under service conditions. 
12. Must allow of good contacts. 
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Ideal Lightning Arrester. The ideal lightning arrester should 
prevent any rise of voltage dangerous to insulation. It should 
offer a free path of discharge from line to ground and from line 
to line, and should preform its functians without disturbing the 
operation of the system. It should put out the arc at the end 
of the half-cycle in which it starts, and should have no dis- 
crimination in its protective power as regards the frequency of 
the disturbance. That is, it should discharge at a certain vol- 
tage for any frequency. An arrangement of gaps and resistance 
as shown in Fig. 31 meets this last condition in this way; gaps 
alone break down more easily at high frequencies, but 
high frequencies will not readily break down through both re- 
sistance and gaps. Low frequency is not impeded as much by 
resistance, but can break through only a few gaps for the same 
voltage compared with high frequency. For a given voltage, 
then, the higher frequencies would break through the path with 
gaps only; frequencies somewhat lower, through the path with 
moderate resistance; and low frequency and accumulated static 
through the path with the high resistance. An arrester of this 
type, however, possesses the disadvantage that after a voltage 
of low frequency breaks across the gaps in series with the high 
resistance, the current which can follow cannot relieve the line. 
This can be overcome by an arrangement such as shown in Fig. 32. 
In this case the same paths of breakdown for the different fre- 
quencies are retained, but now if low-frequency breaks down 
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the gaps in series with the high resistance, the entire voltage 
less that consumed in the arcing gaps is concentrated across 
the next highest division of gaps. These, if correctly designed, 
will at once break down, passing the strain still farther 
up the arrester, and so on, the arrester breaking down in sections 
until it is either completely broken down or the line voltage 
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FIG. 31 


has been lowered by the current flowing through the resistance. 
This idea has been worked out in the design of a new line of 
arresters described below. 


THE GRADED RESISTANCE LIGHTNING ARRESTER 


During the last year a very large amount of experimental 
work has been done to develop the multigap arrester, and it 
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is felt that the results obtained will be, so far as can now be seen 
the maximum development of this type of apparatus. 

The multigap lightning arrester has had the property of re- 
sponding more readily to high frequencies than to low. In 
the new designs, however, by the use of resistance, as just de- 
scribed, this has been, so that a low frequency now discharges 
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FIG. 32 


with the same facility as high frequency, and the discrimination 
with regard to that condition is largely removed. 

The arrangement for these arresters for 35,000 volts is shown 
in Fig. 33 for the delta and ungrounded star transformer 
connections, and Fig. 34 for grounded star systems. In each 
case we have three legs made up of V form multigap units, Fig. 
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35. Each leg is connected to one of the lines through a spark 
gap shunted by a fuse. Connected in just below the fuse 
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we have a novel device, in that we have the three resistances in 
parallel, tapping in to different parts of the leg asshown. These 
three line legs are joined at their lower ends by a common or 
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multiplex connection, from which, for ungrounded systems, 
a fourth leg connects to the ground. In the arrester for grounded 
star systems no fourth leg is added, the multiplex connection 
being connected to ground. 

Fuses. The use of a fuse in shunt with the spark-gap is for 
the condition of continuous high voltage on the lines from any 
cause, an arcing ground or otherwise. Tht fuse will then blow 
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and it will throw the gap in series with the arrester and thus 
bring about an automatic adjustment of the gaps. This allows 
the arrester to be adjusted to discharge at but a small percen- 
tage above the line voltage, and thus to afford real protection. 
The introduction of the extra gap does not destroy the arrester 
as a protective device; it merely adds a factor of safety against 
the destruction of the arrester. If this fused gap were omitted, 
its equivalent would have to be introduced as additional multi- 
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gaps. This fuse is so proportioned that it will not blow at an 
ordinary discharge. The small complication of the addition 
of this device is much more than offset by the close adjustment 
possible in the arrester, thus allowing the best protection to be 
had. : 

Resistances. The three resistances, designated respectively 
L, M, and H for low, medium, and high, represent a distinct 
advance in the art of lightning-arrester design. 

The operation of these resistances has been partly described 
above. It has been shown how they force discharges of different 
frequencies to select different paths, giving breakdown at about 
the same voltage in each case; also how they assist in the break- 
down of the arrester to give full discharge in case of surge. It 
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should be noticed that the gaps G,, which would be the last to go 
down in this way, are of greater number than the other divi- 
sions, as it is not desirable that these gaps should breakdown 
except under extreme conditions. The low resistance, L, should. 
be able to discharge the line sufficiently to relieve the voltage. 
It must be clearly understood that the use of the word “ break- 
down" means the discharge, not the failure of the arrester. 
It has been found that when gaps are shunted by resistance 
and the resistance is low enough, dynamic current will not 
follow a high frequency across those gaps, but will shunt at 
once to the resistance. Such a relation exists between the gaps 
G, and the resistance L. This being the case, it is seen that 
the resistance L is practically a series resistance so far as the 
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safety of the arrester is concerned, but that it introduces neither 
of the objectionable features mentioned above. High frequency · 
discharges do not have to pass through it, and the shunted gaps 
can arc over in case of necessity. 

Another point to be brought out is that when gaps in series 
with resistance, such as L and Gm, are shunted by a second 
resistance such as M, a certain relation will bring about a con- 
dition such that a discharge of high frequency down the arrester 
will be followed by dynamic shunted through M instead of 
through L and G,. M may be in this arrangement many 
times L in resistance, and in the arresters is high enough to 
limit the current which follows a stroke so as to give very little 
burning of the cylinders. 

The resistance H, as has been explained, is used for assisting 
the breakdown of the arrester, and is also used as a static dis- 
charger, to allow small currents to leak to ground and thus 
prevent any accumulation of electricity on the line. 

The arresters of this type are so designed that, should the arc 
pass across all of the gaps following the static discharge, the 
number of gaps is sufficient to extinguish the arc, and this holds 
with each resistance and with the gaps connected with it. That 
is, any current which might start across any of the resistances 
and the corresponding gaps would immediately be extinguished 
by that combination alone without the shunting effect of the 
other resistances, thus rendering the extinguishing of the arc 
doubly secure. 

The breakdown of the gaps does not follow a straight-line 
law as regards voltage and number of gaps, the increase in 
voltage being less than proportional to the increase in the 
number of gaps. This is the reason why, with a grounded star 
system, no fourth leg is used in the arrester connection to | 
ground, although we have in reality the multiplex connection 
between line and line. In this arrester the same margin for 
breakdown exists between line and line as between line and 
ground, but twice the number of gaps in series do not require 
twice the voltage to break over them, but with these propor- 
tions, approximately the voltage multiplied by 4/3. 

With regard to the grounded leg, the fuse is so connected 
with the L, resistance that but few gaps are in series, and we 
have a sensitive condition where the arrester will discharge 
easily at low as well as high frequencies. "When, however, the 
fuse in the grounded leg blows, due to a ground on the line, we 
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still have an arrester which will protect the line with one phase 
grounded, without suffering any injury to itself. 

Lightning arresters of the form shown in Figs. 33 and 34 
have been designed for the following voltages: 6,600, 10,000, 
12,500, 15,000, 20,000, 25,000, 30,000, 35,000, 40,000, 45,000, 
50,000, and 60,000 volts. Anything between these voltages is, 
of course, taken care of by the arrester on one side or the other, 
as is thought best. For lower voltages, down to 300 volts, 
the arresters are of slightly different design, having only two 
resistance rods. The 2300-volt arrester is shown in Fig. 36. 
For voltages below 300 volts no resistance is necessary, as the 
voltage is so low that the arc can never hold. These arresters, 
therefore, consist simply of single spark-gaps to be connected 
directly across the line. 


Fic. 36. 


The 2300-volt arrester, Fig. 36, being intended for pole as 
well as station use, is necessarily simpler in design than the 
high-voltage arresters. It consists of 14 cylinders, 9 of which 
are shunted by a low resistance and 11 by a high resistance. 
As in the case of the higher voltage arresters, the grading of 
resistance makes this arrester discriminate between frequencies, 
giving each a path to break down that requires a voltage not 
too high or too low. Accumulated static passes off across 
the high resistance and two gaps in series. High-frequency dis- 
charges pass across the entire arrester; moderate high frequencies 
across the low resistance and four gaps. The low resistance 
is, as in the other arresters, proportioned with the number of 
shunted gaps so that the high-frequency discharge across these 
gaps is never followed by the dynamic current, the dynamic 
shunting at once to the low resistance. A photograph of this 
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arrester discharging is shown in Fig. 37. Note that a discharge 
takes place over all the gaps, but that the arcs between the gaps 
shunted by the low resistances are very small compared with 
the bright arcs between the last four gaps. Тһе static discharge 
is passing through all the gaps, while the half wave of dynamic 
current following the static is shunted part of the way by the 
resistance. 

Fig. 38 shows an oscillogram of this phenomenon. It is seen 
that the only current in the shunted gaps is the current of static 
discharge. It should be noted that the current shown is not 
a measure of the true current, as the oscillograph can not re- 
spond to currents of such high frequency. 

Fig. 39 shows an interesting oscillogram. Here both the total 
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number of gaps and the shunted gaps were reduced to a point 
considerably below the safe limit. The static discharge was at 
once followed by a half cycle of short-circuit current across all 
the gaps, voltage falling almost to zero. The following half- 
cycle, however, shows that the current left the shunted gaps and 
flowed through the resistance, extinguishing entirely after the 
end of this half-cycle. With the small number of gaps used, if it 
had not been for the resistance the arc would have undoubtedly 
and the arrester would have been destroyed. This merely held 
shows the protection offered by a shunt resistance a step below 
that designed. In з correct design, the dynamic could not 
have started across the shunted gap in this way, and the total 
number of gaps is sufficient to extinguish the arc of short circuit, 
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even with no resistance. Returning to the low-frequency 
breakdown; as before stated, accumulating static merely dis- 
charges over the two end gaps. For a rise in generated voltage 
or a power surge, however, the current which could discharge 
through the high resistance would have no protecting effect. 
But with these two gaps broken down and arcing across, the high 
voltage would be concentrated across the next two gaps. As 
practically the same voltage broke through the first two, these 
will at once break down, allowing a discharge through the low 
resistance which should be able to take care of the system. To 
sum up, the effect of this use of resistance is as follows: the 
high resistance discharges static at low voltage and assists 
breakdown in case of surge. The low resistance allows low 
breakdown in case of surge, gives correct breakdown to medium 
high frequencies, reduces the burning of the cylinders and in 
that way gives the arrester longer life, and prevents any dis- 
turbance of the system which might result from a half-wave 
of short-circuit to ground. 

This arrester is designed to operate across 2300 volts. It is 
used, however, from each line to ground, it giving in that way 
sufficient protection and being always able to handle a discharge 
when one line is grounded. It is built to be used single-pole, 
but by placing two or three in the same box, becomes double- 
pole or triple-pole. с 

On grounded systems this arrester сап be used ир to 4.000 
volts between lines. On ungrounded systems by using two 
arresters line to line and one from the middle to the ground, this 
arrester can be used up to 4,000 volts. 

The 1000-volt arrester is nearly the same in design but has 
only one series gap below the high-resistance rod. 
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NEW PRINCIPLES IN THE DESIGN OF LIGHTNING 
ARRESTERS* 


BY E. E. F. CREIGHTON 


> 


The installat.on of lightning arresters is of the nature of an 
insurance. A certain percentage of the cost of the apparatus 
can reasonably be invested as a safeguard in protecting the ap- 
paratus. Furthermore, a percentage of the income can also be 
invested in protective apparatus as an insurance against inter- 
ruption of service. The value of uninterrupted service depends 
upon the nature of the use of the current and will consequently 
vary in different plants. Plants which make contracts involving 
penalties for interrupted service naturally put a higher premium 
on good service. Protecting the insulation of the apparatus 
has been an easier matter than protecting the continuity of 
service. It has sometimes happened that the service has been 
interrupted by the action of the protective apparatus itself. 
This is especially true in the case of a grounded phase on an in- 
sulated delta or Y system. 

Itis the opinion of the writer that we have in view com- 
plete protection at the terminals of the lightning arrester ap- 
paratus against any high potential surge above 150% of the 
normal voltage of the system, regardless of the natural frequency 
of the surges and the duration of their application and also re- 
gardless of the cause of the surges. Direct strokes of lightning 
on a transmission line must of course be taken care of where they 
strike. Arresters at some distance away in the station can be 
expected to take care of only that part ot the charge which reaches 
the station. How thoroughly a grounded overhead wire will pro- 


* This is the first of two papers on this subject. 
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protect the line from direct strokes has not been fully deter- 
mined, or otherwise put, how many and what conditions of 
overhead grounded wires are necessary to protect the line against 
direct strokes of lightning is not definitely known. 

Arresters can be built to take care of high-frequency surges, 
low-frequency surges, grounded-phase surges during an hour or 
so, and standing waves.  Thisleaves the causes of interruption of 
the electrical circuit limited to short-circuits. These short- 
circuits may be limited to accidental conditions, such as a wire 
thrown across the transmission line, overheated apparatus, ctc. 


. ON THE DESIGN oF MULTIGAP ÁRRESTER. 


The novel features of a new multigap arrester consist first, 
of the discovery of a true nonarcing condition of shunted gaps; 
secondly, a combination in a cumulative manner of several 
shunt resistances, and thirdiy, the design of ohmic resistance by 
the volume method rather than by the radiating surface. 

First; Absolute Nonarcing Condition. The term '' non-arc- 
ing " has long been misused in the sense of arcing during only 
the brief time of a half cycle or only a few cycles of the generator 
wave. This action is more correctly described by the term recti- 
fying. By the term ‘‘non-arcing " in the present application it 
is meant that the condition of sparking exists without the 
formation of an arc. Transition of a spark, where the conduct- 
ing medium is the heated air, to an arc where the passage of 
electricity is accomplished by means of convection in the arc 
stream of zinc vapor, involves the espendre not only of energy 
but also of power. 

The discharge of several hundred amperes for a brief ‘period 
has been produced across a gap without bringing the difference 
of potential across the gap down to the normal value of 40 
volts, corresponding to a current of one ampere. The power in 
this case was large as compared to the energy. In this con- 
nection brief periods approximating 1/100,000 second are con- 
sidered. It seems to require an expenditure of power for a 
much longer time to bring the arc voltage down to even 100 
volts. As the heating continues the voltage decreases. This 
effect is shown in Fig. 1l. The voltage of any increasing value 
of current is higher than the voltage of the corresponding 
decreasing value, (see the two lower curves). 

The difficulty in the initial transition from the condition 
of spark to the condition of arc is shown by another test on 
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the same brass cylinders. Forty-five volts from a storage 
battery were applied to a 1/32-in. gap and a discharge of a 
Tesla coil was passed continuously across the gap for several 
minutes without causing an arc to form. Іп other words the 
battery gave out no energy. Thisis a case of a considerable 
energy at low powsr failing to cause an arc. It is seen from 
Fig. 1, however, if the impressed voltage of the battery is higher 
the arc will form and the arc voltage will drop far below 45 volts. 


CHARACTERISTIC 
ELECTRODES 


ү CHARACTERISTIC 
® 
NCREASING CURRENT 


|. - Geers ee 
p DECREASING " CURRENT 


a 
ж 
й 
R 
Е 
5 
Ж 
Е 
м 
" 
a 
Е 
M 


x 
Ж 
= 
Ж 
E 
= 
WEN 
NL 
Ba Ке нк 
NN 
NEN 
ЖЕЖ 
Е 


Ж 
е 
u 
A 
a 
x 
Ж 
W 
Nu 
Е 


2 4 0 8 10 12 14 10 18 20 R A 
AMPERES D.C. 


Fic. 1. 


It is possible to discharge induced static electricity over 
multigaps directly to ground without the intervention of series 
resistance and still prevent the dynamic current of the generator 
from following the static spark, with the resultant short circuit. 
This condition requires an adjustment of the resistance in parallel 
with the gaps such that the current will be transferred to the 
resistance before the heat expended in the gaps is sufficient to 
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bring the arc voltage to a low value. The problem is that of the 
instability of an arc (which is well known) under the unknown 
condition of volt-ampere characteristic of an initially established 
arc. The condition of instability of an arc and resistance in 
parallel will now be considered using the volt-ampere character- 
istic (middle curve) of Fig. 1. This curve shows that the arc is 
extinguished by any resistance in parallel which reduces the cur- 
rent of the arc to about four amperes. Below four ampere the 
rate of decrease of current is less than the rate of increase of 
voltage, therefore the current will increase continuously in the 
shunt resistance, stealing away all the current from the arc. 
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Fic. 2.—Combined non-arcing and кошушу arrester. The resistance 
on the near side of the gaps is of low value. It has cap contacts in the 
slips. The nine gaps in shunt with this low resistance are bridged by 
a static dam having an initial current value estimated at 1000 amperes. 
The spark has a clean cut outline and illuminates the cylinders near it. 
In the four remaining gaps to the left the dynamic current is established 
by the same static discharge. The blurred impression of the arc is due 
to the sudden expansion of the zinc vapor. The resistance back of the 
cylinders has a high value and plays no appreciable part in the dynamic 
discharge. The nine gaps show the new principle of the absolutely non- 
arcing condition. 


The assumption is made that the total current is constant. 
This assumption is usually permissible. The value of resistance 
in parallel which causes the arc to become unstable depends on 
the value of total current; the higher the total current the less 
must be this value of resistance. For example, in the volt- 
ampere curve considered, if the total current is 10 amperes, it 
requires four ohms in parallel to make the arc go out. If the 
total current is 22 amperes, the shunt resistance must be reduced 
to 1.3 ohms to extinguish the arc. If the total current is 500 
amperes the resistance is parallel must be reduced to 0.05 ohms. 
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This last mentioned value is too low to be of practical impor- 
tance. Lightning discharges may easily reach 500 amperes, but 
it must be recalled that the volt-ampere-characteristic curve 
of the initial discharge lies far above the two curves given in 
Fig. 1, consequently a very useful value of a few ohms 
per gap will extinguish this spark before the dynamic arc can 
be established. The more favorable condition for the shunting 
of the gaps when the arc is just being started is shown in the 
upper curve of Fig. 1. The values of this curve were taken 
from an oscillogram of the voltage across one gap of an arrester 
during the brief period of a half cycle (1/120 sec). 

Fig. 2 issa photograph of the combined discharge of static 
electricity and dynamic current. In the shunt gaps there is 
nothing but the spark, whereas in the series gaps both the spark 
and arc bridge the gaps. The arc is shown in the photograph 
by its greater size and explosive stream of zinc vapor. 

Fig. 3 is an oscillogram of the currents of the two shunt 
circuits and the potential across the arrester when the factor 
of safety is diminshed by having only six gaps in the parallel 
path. The potential across the arrester drops from 3,200 volts 
maximum to 2670 volts maximum due to the line drop and the 
regulation of the generator. 

In order to avoid confusing the above described phenomenon 
with the usual familiar conditions of shunted multigap, a dis- 
tinction is herewith pointed out. The unstable condition of a 
shunted arc has been known for a long time; but this instability 
has to do principally with alternating current, whereas in this 
case only half a cycle of the generator potential is considered; 
in other words, we are treating the instability of a shunted direct 
current arc during the initially brief period of formation. 

Fig. 4 shows the phenomenon of extinction of arc in the shunt 
gaps by shunt resistance at the end of the first half-cycle. The 
arc in the series gaps was extinguished at the end of the second 
half-cycle. This is the effect previously obtained in shunt 
resistances where heavy currents were used. In this test the 
ohms per shunted gap were too great to suppress the initial arc. 

There is still much research to be done to determine the exact 
nature of the phenomenon at the instant of establishing and 
extinguishing an arc. Most of the results are of academic in- 
terest only. Here are some queries. In the extinction of the 
arc in the series gap at the end of the half cycle in which the 
discharge takes place, how much effect is due to rectification 
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of the zinc vapor and how much to the cooling of the arc during 
the brief period of zero current? The answer is not simple, 
we know. For small currents, the effect is almost entirely due 
to cooling; for large currents, rectification by the zinc vapor is 
more prominent. The distinction is liable to be obscured by 
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Fic. 3.—Oscillogram 57. Dynamic discharge when gaps are shunted to 
the absolute non-arcing condition. The upper curve is the current wave 
through the series gaps and low resistance. The middle curve shows the 
static discharge (and what little dynamic follows) in the shunted gaps. 
The lower curve shows the potential across the arrester inside the light- 
ning arrester choke coils. The sudden drop in the voltage wave when the 
spark takes place is due to the regulation of the circuit. There is a 16% 
drop. The actual maximum voltage across the arrester is 2670 max. 
This is divided thus: 2590 volts across the resistance and 80 volts across 
the series gaps. | 


the two auxiliary accompanying conditions—first, the ioniza- 
. tion of the air around the zinc arc and, second, by the splashing 
across the gap of the superfluous molten metal in the crater 
ofthearc. Some years ago Mr. Thomas stated that it was neces- 
sary to limit the current in a multigap arrester in order to get 
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successful operation and also that the extinction of the arc was 
accomplished with greater difficulty if the circuit was inductive. 
The explanation of these facts have a practical bearing on the 
matter given further on in this paper. 
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Fic. 4.—Oscillogram 60. Failure of shunt resistance. Former '' non-. 
arcing " condition. There are only 4 gaps in shunt with 28 ohms. The 
upper curve is the current through the resistance. Note tlie point marked 
' static discharge,” the current in the resistance starts at a value greater 
than can be maintained. The current in the resistance is equal to the 
voltage across the shunt gaps divided by the resistance. This peak value 
bears out the statement that both energy and time are necessary to :orm 
a stable arc of normally low voltage value. The middle curve shows 
nearly short-circuit condition of the circuit. Note that this current 
lags the potential while the current in the wave above with resistance 
in series is in phase. The lower curve, the potential wave shows the | 
condiion of sensibly short-circuit in the first half-cycle and the recovery 
in tlie second half-cycle. Note in the second half-cycle that the voltage 
jumps to about 2500 volts before the current is reversed in the series 


gaps. 


Current Effect.—The extinction of an established arc in 
a multigap arrester cannot take place until the potential. 
reduces to zero at the end of the half cycle in which the discharge 
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takes place. Incidentally it may be remarked thatif the arrester 
functions properly the arc should not extend over the second 
half cycle. (Assuming no high potential surge reestablishes 
the arc). If the rectifying power is not sufficient to extinguish 
the arc at the end of the first half cycle, it surely will be unable 
to do so at any instant later on account of the heated metal in 
the arc crater. (See Fig.9). Consequently such an arc can be 
extinguished only by the flashing out of the multiarcs in onelong 
arc in front of the arrester unit, the opening of the circuit else- 
where by a fuse or switch, or by the decrease in the generator 
electromotive force. This decrease in potential will be due to the 
reaction of the armature current on the field winding. Assume 
then that the arrester functions properly, and furthermore that 
the spark takes place on the rising point of the electromo- 
tive force wave, this gives the greatest possible discharge of 
dynamic electricity. The energy loss in each arc will be equal 
to 16 volts multiplied by the current. In other words, as the 
current increases there is a concentration of energy at the arc 
crater which melts more zinc than is necessary to supply the arc 
vapor. This molten zinc is splashed across the gaps and de- 
stroys the rectifying qualities of its vapor. 

In consequence of the necessity of limiting the dynamic ur- 
rent, some designers have chosen between two evils and intro- 
duced series resistance into the arrester circuit. Other designers 
choose the evil of a possible short circuit. One improvement 
in design for this year is the use of a shunt resistance so pro- 

‘portioned as to prevent the dynamic current flowing in its parallel 
gaps, yet allowing a high-potential, high-frequency discharge 
to pass freely across the shunt gaps to ground, if the resistance 
offers an objectionable impedance. There is resistance for the 
dynamic but no resistance for heavy static discharges. 

Inductive Circuit E ffect.—Oscillograms show that if the arrester 
circuit is inductive the arc is not extinguished until the potential 
has passed through zero and is well along in the second 
half-cycle. Since the arc voltage is only 16 volts per gap 
for heavy currents the condition is nearly equivalent to a 
short circuit. When the current dies out the voltage across 
the gaps suddenly jumps to the value generated. (See Fig. 5). 
The arc has no time to cool and presumably the ionized air 
around the arc starts the current in the opposite direction. 
This condition is to be compared later to the condition of arc 
extinction in the liquid electrode arrester, where the current 
reduces to zero before the potential. 
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2. Cumulative shunt resistance. Referring to the dia- 
grammatic condition of Fig. 6, gaps No. 8, 9, and 10 are pro- 
tected from dynamic current by the relation of the shunt resist- 
ance (r). The resistance (r) is small and requires, seven series 
gaps, Nos. 1, 2, 3, 4, 5, 6, and 7 to extinguish the dynamic 
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Fic. 5.—Oscillogram 253. Showing current lag, sudden recovery of 

tential, and displacement of another phase of the system. In the 
ower curve note the potential recovery when the current is extinguished. 
The dotted curve shows the original form of the wave. The middle curve 
shows 434 amperes short-circuit current. There were 3 miles of line 
wire to the generating station. The upper curve shows the phase dis- 
placement in phase 1 due to the reaction of the armature current in phase 
2. It is noteworthy that the voltage wave of phase 1 did not havea 
peak value above normal maximum of 3200 volts during this interval. 


arc. Under certain low-frequency conditions of discharge this 
number of series gaps is objectionably great. Consequently 
this number is cut down to, say, three gaps, No. 1, 2, and 3, 
and in order to extinguish the dynamic arc at the end of the first 
half-cycle the current must be less than that through the small 
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resistance (r); the relation of the larger resistance (R) to the gaps 
numbered 4 to 10 inclusive is not such as to obtain the arcless 
condition of the gaps. The arcless condition of the gaps 4, 5, 6, 
and 7 is obtained through the presence of the small resistance (r) 
in shunt with the large resistance (R). So far as the large re- 
sistance R is concerned, gaps 8, 9, and 10 cannot be considered 


LIQUID ELECTRODE CELL 
FIGURE NO. 7. 


LIQUID ELECTRODE ARRESTER 
FIGURE NO. 8. 
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in the shunted circuit. In this cumulative manner of installing 
the resistance, the series gaps may be reduced to as near 
the spark potential of the normal circuit voltage as desired. 
Each time the series gaps are reduced, the resistance must be 
increased to such a value as to maintain the arc extinguishing 
effect. 
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Design of Lightning Arrester Resistance. Except in the case of 
recurring high potential surges the multigap arrester should extin- 
guish the dynamic arc within the time of a cycle of the generator 
wave. This period of time is so brief that radiation of heat need 
not be considered in the design of the resistance. The basis of 
design is the utilization of the specific heat or the heat capacity of 
the resistor. In the lower resistances of the lightning arrester 
it would be impracticably | expensive to design the resistance 
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Fic. с оша 29. Three gaps and 18 ohms on a 2300 V. (ef- 
fective) circuit. rrester fails to interrupt the current of 137 amp. 
maximum. If the arc is not extinguished at the end of the first half- 
cycle, the rectifying effect is lost. The spark takes place at 1860 volts 
increasing potential. The voltage then drops due to line resistance, etc., 

and reaches 880 volts max. instead of 3200. At the end of the first 
half-cycle the potential rises to 1350 before'the current is reversed. At 
the end of the second half-cycle it requires only 320 volts to reverse the 
current. At the end of the first half-cycle on the current wave, the 
current remains zero for a brief period. This effect does not reoccur at 
the end of any subsequent half-cycle. If the current had been less 
three gaps would have extinguished the arc at the end of the first half- 


cycle. 


to radiate the energy that would be lost therein if the current 
were applied even for several seconds. 

E? over R multiplied by the time of a half cycle gives the energy 
to be absorbed. This value of energy must equal the product 
of the specific heat times the weight of material times the tem- 
perature times 4.2. 

Assuming a safe temperature and factory of safety the weight 
of the material can thus be determined. 
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The specific resistance of the material must be chosen so as 
to give a length of rod great enough at least to prevent the 
formation of an arc along the surface. In the matter of selection 
of material for the resistance, notable improvements have been 
made. 
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Fic. 10.—Oscillogram 156. Voltage and current of one gap of a multi- 
gap arrester. The oscillogram shows an initial voltage of 93 volts. The 
drop from spark voltage to 93 volts was too rapid to be registered by the 
oscillograph vibrator. This sudden drop in potential was due to the 
heavy discharge from Leyden jars ata frequency estimated at 3,000,000 
cycles. The decrease in voltage from 93 to 23 volts is very gradual 
with this value of current density. The upper volt-ampere character- 
istic curve of Fig. 1 was taken from this oscillogram. 


LIQUID ELECTRODE ARRESTER. 


. The name ''liquid electrode " is herewith given to a new 
form of electrolytic type of arrester, to distinguish it from the 
other cell tvpes of arresters, such, for example, as the aluminum- 
cell type which the writer has been working on during several 
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years. The liquid electrode is the distinguishing feature of this 
electrolytic type, whereas the hydroxide film of aluminum on the 
aluminum plate is the characteristic feature of the aluminum- 


Fic. 11.—Oscillogram 251. Six gaps and no series resistance on a 
3-phase circuit of 2300 volts effective. The middle and lower curves 
dre of the same phase. These show a discharge of dynamic current 
where the spark takes place on the descending рен of the potential wave. 
In spite of the short-circuit of the gaps the dynamic current rises only 
to 25 amperes. In расов the spark may of course take place at any 

a 


point of the potential waves. In a poorly designed arrester if by chance 
the spark should happen when the potential is approaching zero the 
arrester wil] extinguish the arc satisfactorily; if, on the other hand, the 
spark takes place on the rising potential the effect may be that shown 
in Fig. 9. This oscillogram shows the futility of testing arresters with- 
out a synchronous switch to control time of spark discharge. 


cell type. The phenomena which can be produced by the 
discharge of electric currents through electrolytes are of sucha 
nature as to make valuable the employment of an electrolyte 
in protective apparatus. The main effect obtained in each 
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case may be designated as a critical limiting voltage. The 
employment of a critical limiting voltage in lightning arresters 
permits the design of an arrester which will limit or suppress 
entirely the dynamic current at normal potentials, without the 
use of series resistance. Abnormal potentials above the crst:cal 
lamiting voltage of the arrester discharge current through the 
arrester freely without obstruction of either counter electro- 
motive force or appreciable ohmic resistance. The character- 
istic action of the electrolytic types can be summed up in one 
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Fic. 12.—Oscillogram 74. Liquid electrode arrester using gaps at the 
surface of the electrolyte. Two cells in series. The current rises only to 
0.4 amperes and there is no disturbance in the potential wave. 


sentence: obstructed discharge of electricity at normal poten- 
tials of the circuit and free discharge of electricity at abnormal 
potentials. The electrolytic types give great promise. 

The liquid electrode arrester may have any one of several 
forms all involving the same principal. One form is shown 
in Fig. 7. Two metallic electrodes extend into a vessel con- 
taining an electrolyte of high conductivity. The electrodes 
may be dipped into the electrolyte or there may be a small gap 
left between the electrode and the electrolyte If current is 
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passed from one electrode to the other in either direction, the liquid 
must become negative at one or the other electrode. It requires 
about 1500 volts to maintain the current through the cell in 
spite of the fact that the resistance of the cell is extremely low. 
The current is limited by the so-called counter electromotive force ` 
of the arc. | 

Electrodes not in Contact. The differencein effect produced by 
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Fic. 13.—Oscillogram 73. Maud electrode arrester using gaps at the 
surface of the electrolyte. Although the spark takes iE at peak 
voltage only 0.8 ampere of dynamic current follows. mparing the 
current discharge to Fig. 12, the current is twice as great and persists 
{ог а longer time. This is due to the fact that the discharge takes place 
at a higher point оп the potential wave. The counter e.m f. of the cells 
is approximately equal to the peak voltage (3200 volts) of the circuit. 
There is no disturbance of the potential wave. 


the conditions of contact between the electrodes as compared to the 
air-gap setting is marked. For example, three of these cells were 
placed in series across a circuit having an impressed voltage of 2300 
volts effective. Each electrode was set with a small gap. The 
equivalent needle-gap was the same as for four 45-in. gaps between 
standard brass cylinders without series resistance. With this ar- 
rangement several hundred static discharges having an initial value 
estimated at 1000 amperes were passed through the cell, but no 


898 CREIGHTON: LIGHTNING ARRESTERS [March 29 


dynamic current followed the discharges. The novel relation 
of counter electromotive force practically as great as the spark 
voltage of the cell is obtained. The sum of the counter electro- 
motive forces per cell is greater than the impressed voltage of 
the circuit, consequently a spark passes without causing the forma- 
tion of an arc. 

Under similar conditions in the multigap arrester using 
four y,-in. gaps the spark voltage of a single gap тау 
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Fic. 14.—Oscillogram 72. Liquid electrode arrester using series gaps 
in conjunction with the small gaps above the electrolyte. There were 
two large lightning arrester choke coils of the pancake type in series. 
These choke coils give the exaggerated drop of potential (500 volts) at 
the instant of discharge. 


be in the neighborhood of 2000 volts and the spark voltage of 
the four gaps in series may lie between 5000 and 6000 volts. 
The electromotive force absorbed by a single arc in practice 
will be scarcely greater than 16 volts per gap or 70 volts total 
for the four gaps. The spark voltage is about 125 times as great 
as the arc voltage for a single gap or about 80 times as great for 
the total of the four gaps. 

Herefrom it follows that the multigap arrester does not work 
on the principal of counter electromotive force but upon the 
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principal of rectification. The arrester is therefore suitable for 
alternating-current circuits but not at all adapted to direct- 
current circuits. When the currents attempt to reverse at the 
beginning of the second half-cycle, several hundred or even 
thousand volts may be required to cause the reversal. During 
the first half-cycle there is little obstruction to the current flow- 
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Fic. 15.—Oscillogram 80. Liquid electrode arrester with immersed 
terminals. The heavy lightning arrester choke coils are in series. These 
reactance coils add to the line drop of potential. This oscillogram shows 
a method of obtaining any desire quannty of dynamic discharge before 
the interruption of the current. The current has increased from 0.4 
ampere (Fig. 12) to 120 "р maximum due to the immersion of the 
metal terminals. In spite of this heavy current discharge the current 
decreases to zero before the potential reaches zero. Compare this to 
the results in Fig. 5 where the potential reaches zero and reverses before 
the arc is extinguished. 


ing in the arcs of the gaps, and therefore it is necessary to have 
an artificial resistance in series to limit the dynamic current. 

A liquid electrode arrester set with four gaps of equal 
value to the above mentioned case wil have a spark 
voltage of 14 times as great as the electromotive force 
absorbed by the arc, considering a single element only; 
or about 1.8 times, as great considering both cells. On 
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a 2300 (effective) circuit the maximum voltage is about 3200 
volts. The maximum arc voltage of the two cells containing 
a particular electrolyte is about 3000 volts. A spark can form 
into an arc only at the peak value and is extinguished long before 
the generator voltages reaches zero. Any voltage above 1500 
volts per cell produces a rush of current in proportion to the pres- 
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Fic. 16.—Oscillogram 334. Liquid electrode arrester with the metallic 
electrodes slightly in contact. The upper curve, the potential wave, is 
only slightly distorted. The middle curve, the current wave, rises rap- 
idly to 37 amperes and diminishes gradually to zero. The lower curve, 
the potential across the cell, rises with the same abruptness as the current 
wave, maintains a constant value while the electromagnetic energy of 
the circuit is discharging and then drops quickly to zero when no longer 
required to oppose the current discharge. 


sure above 1500 volts. In other words, the cell has a critical 
voltage above which there is a free discharge of electricity with- 
out the intervention of anything more than a slight ohmic resis- 
tance. In the foregoing explanation only general considerations 
have been held in view. Some of the experimental data from 
which the conclusions were drawn are given later in the form 
of oscillograms. | : 
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Electrodes іп Contact.—When the metallic electrodes touch 
the liquid it is necessary to introduce a single gap in series to hold 
back the line potential. Since the counter electromotive 
force of arcs in the arrester limit the current, this sing'e gap 
suffices even at the high potentials used on long-distance 
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Fic. 17.—Oscillogram 316. Liquid electrode arrester with the metallic 
electrodes in contact with the electrolyte. The static discharge takes 
place on the rising part of the potential wave. The drop in the upper 
potential wave is due to the inductance of the circuit. The potential 
wave quickly recovers its normal form. The current reduces to zero in 
advance of the potential. The potential across the cell reduces to zero 
with the potential of the generator wave. The maximum counter electro- 
motive force of the cells is equal to the impressed voltage of the circuit. 


transmission circuits. A simple arrester circuit is shown in 
Fig. 8. The series gaps may be set at any value above line 
potential. When the potential breaks across the gaps the 
current begins to discharge at short-circuit rate. The current 
density at the electrodes is such as to start an arc which throws 
the electrolyte away from the electrode and automatically 
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lengthens the arc. The arc voltage is greater than the impressed 
voltage and consequently the current dies out. The series gaps 
hold back the line voltage and the electrolyte assumes again its 
level in contact with the electrode. The current starts on short 
circuit but decreases so gradually that no surges have been de- 
tected either by the oscillograph or by parallel needle gaps. 
Extensive experimental tests have been made on a commercial 


Fic. 18.—Oscillogram 311. Liquid electrode arrester with the metallic 
electrodes in contact with the electrolyte. The spark takes place near 
the zero value of rising potential, consequently the rise in current and 
potential across the cells is more gradual than in the previous oscillo- 
grams. 


circuit of 2300 volts, 13,000 volts, and 33,000 volts normal 
voltage. The last mentioned circuit consisted of 30 miles of 
three phase line and was subjected to surges due to numerous 
arcs drawn out between a phase and ground. These arcs to 
ground attained maximum lengths of five feet. 

The arc voltage of the liquid electrode depends somewhat upon 
the length of the arc. Since it is the current which depresses 
the surface of the electrolyte, the length of arc depends greatly 
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upon the value of the current. As the current decreases the 
electrolyte rises toward the metallic electrode. After the first 
instant the phenomena are of the nature of cushion effects. 
The quantity of electricity which passes through the arrester 
before the electromotive forces absorbed by the arcs becomes 
active depends upon the amount of surface of metallic electrode 
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Fic. 19.—Oscillogram 340. Illustrating the critical limiting value of 
cell voltage. There is but one cell on a 3200 volts (max.) circuit. The 
spark takes place at about 3000 volts and the potential drops to 1700 
volts and remains sensibly constant during the rest of the half-cycle in 
spite of the capacity of the generator to which it is connected. The 
current rises to 174 amp. maximum. This cell acts as a short-circuit 
for pressure above 1700 volts, but is active in opposing the current flow 
as soon as the pressure falls again to 1700 volts. 


exposed to the liquid. This value can be increased by immersing 
the metal to a greater depth. 

The ohmic resistancé of the arrester is located initially in the 
liquid only but gradually divides between the series arc and the 
electrolyte. The electrolyte is a large body of large cross- 
section and low specific resistance, and therefore the resistance 
is very low. 
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The electromotive force absorbed by the arc at the electrolyte 
varies somewhat with the nature of the electrolyte. 

Although the initial current may be considerable, the total 
current in continuous operation is not. To determine the en- 


Fic. 20.—Oscillogram 351. The recovery of a liquid electrode arrester 
after a lightning discharge. The upper wave is the potential across the 
entire arrester. The lower curve is the potential across the series gaps 
alone. The middle wave is that of the current of discharge. The actual 
wave is not visible on account of poor illumination of the mirror of the 
vibrator, but the duration is shown by the open space in the zero line 
of current during the third cycle after the opening of the shutter. The 
potential curve across the gaps shows a drop to zero, then a gradual 
recovery to full line potential. During this interval the arrester is 
ready for a second discharge. 


durance of the arrester, a 13,000-volt unit was connected to one 
phaseof a circuit without any series gap orresistance. Thiscircuit 
consisted of a 2000-kw. generator connected to nearly a mile of 
cable and seven miles of overhead line. The other two phases 
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were protected by gaps set at 150% of line voltage. The poten- 
tial of these phases did not jump the gaps during the severest 
tests. lt should be noted that the arrester was in action 
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Fic. 21.—Oscillogram 117. Liquid electrode cell on 3.6 amperes con- 
stant current. The voltage varies considerably due to the splashing of 
the electrolyte. The small lumps in the current wave are due to the ir- 
regular intensity of the oscillograph arc. The average voltage for this 
electrolyte and current is үну 1000 volts. The arc was 
started by means of a 5 mil Boher wire. It required 0.2 sec. to burn 
off this fuse with the current at 3.6 amperes. 8 
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Fic. 22.—Oscillogram 133. Liquid electrode cell on direct current 
showing the time required for the arc to bore } inch below the surface of 
the electrolyte. The average potential with the liquid as the negative 
electrode in 885 volts, but when the arc reaches the metal electrode in 
the liquid the voltage drops to 285 volts or less. gud after the liquid 
again sweeps over the lower metal electrode and raises the voltage again. 


under the abnormal condition of no series gaps. The 
action of the arcs gradually lowered the level of the liquid 
until 13,000 volts would no longer maintain the arcs. The 
time required to do this depends on the construction of the 
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cells. In the small cells it is about five minutes and in the large 
cells somewhere between ten and twenty minutes. This time 
can be increased if found advisable. This sustained operation 
should make the liquid electrode arrester suitable to take care 
of the recurring surges on an isolated delta or Y system, when 
one phase is grounded through more or less of an arc, during a 
time amply sufficient to disconnect thefaulty line. In the 
foregoing experiment a 20-ampere fuse in series with the arrester 
was unaffected. Apparently the possibility of an interruption 
in practice due to the short circuit of the arrester can be elemi- 
nated as it was in this test. 

In practice the number of cells would be chosen to give a 


Fic. 23.—Oscillogram 136. Potential of a horn gap discharging 36 
amperes constant current. The arc rose up the horns with considerable 
difficulty. The arc would flame toa peak and the potential would strike 
across below the peak and thus shorten the total length of the arc. The 
shortening of the arc would drop the potential. This effect is shown in 
the lower curve of the oscillogram by the repeated drops in the potential. 
The arc held in the narrow gap for about a second. This is shown by 
the FA voltage of the curve. The total time the arc held was two 
seconds. | 


critical limiting voltage of 125%, to 140%, of the impressed vol- 
tage. The gap length may be set to give any desired protection. 
Since the arrester has but a single gap, the spark potential is as 
near independent of the natural frequency of the lightning surge 
as possible. It should discharge with facility low-frequency 
surges. It has a small dielectric spark lag. 

The characteristics of the liquid arrester have been studied 
in detail with the aid of an oscillograph. А few oscillograms 
have been chosen which show the effect of a cell on the current 
and potential of a commercial 2300-volt circuit. Among other 
things shown in these oscillograms are: 

The effect of discharge at different points of the potential 
wave. 
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The effect of more or less immersion of the metallic electrode 
on the current and potential. 

The critical limiting voltage of an electrolyte. 

The critical limiting voltage of the arc in the standard multi- 
gap arrester (this is given for comparison). 

The initial short-circuit effect and subsequent cushion effect. 

The recovery of the cell after the discharge. 

The reduction of current to zero before the potential wave 
reaches zero. 

The writer pays his grateful homage to the originator of the 
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oscillograph M. André Blondel. The value of the oscillograph 
inthis work will be evident from an inspection of the 
oscillograms. The auxiliary apparatus necessary to get 
initial effects of discharges is quite essential. The problem 
is to place on a revolving photographic film with a total 
time of exposure of about 1/10 second, a static spark 
which will start the dynamic current flowing at any chosen 
point of the potential wave not varying in location by more than 
about 1/1000 second. In the following described combination 
of switches the operations are entirely automatic. It requires 
only the felease of a latch. The oscillograph is so constructed 
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that a lever operates the shutter. The shutter is opened by 
the lever and closed bv a complete revolution of the drum carry- 
ing the photographic film. Fig. 24 shows the connections and 
locations of the apparatus. When the pendulum is released it 
strikes a string at B which opens the kodak shutter; it then 
closes the circuit between the two parallel strips during an inter- 
val depending on the velocity of the pendulum and the length 
of the strips. Meanwhile the synchronous motor carrying the 
synchronous switch at D closes the circuit of the static machine 
located at C. This release of the potential on the inner coat- 
ings of the Leyden jars throws the potential on to the lightning 
arrester L A, thus producing a spark across the gaps. An arc 
follows from the dynamic potential which is also impressed on 
the terminals of the lightning arrester. The vibrators of the 
oscillograph are shown at E, and /. The static machine is 
kept running at such speed that it will not spark across the 
gap at C. The potential of the static machine is also easily con- 
trolled by the application of more or less needles. These needles 
can be regulated to discharge the current of the static machine 
as rapidly as it is generated. The potential can thereby be 
limited to any desired value. 
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THE ROWLAND TELEGRAPHIC SYSTEM 


BY LOUIS M. POTTS 


Since the invention of the Morse system more than fifty years 
ago, telegraphy has grown by law of natural evolution to meet 
the demands of an increasing business. The Morse system has 
been the measure of the potential of the telegraph wires and of 
the operator. To handle a continuously increasing business, 
telegraph managements have been compelled to stretch annually 
new copper wires and to employ new operators, because the 
present wire systems have been worked continuously to their 
capacity and operators to their highest efficiency under the 
conditions imposed by Morse methods. It is evident that this 
indefinite extension of wire systems and the force of operators 
involves the consequent investment of enormous capital and 
increases indefinitely annual maintenance charges. | 

In all other fields of modern industrialism when manual 
methods have thus shown themselves to havereached the limit of 
their development, and to be capable only of clumsy augmenta- 
tion without radical resulting advantages, necessity has found 
the apparatus to meet the demand, and the introduction of 
machines and machine methods has inaugurated a new era of 
increased capacity and economy. For some years, telegraph 
managers have realized that the manual Morse system has 
about reached its limit of development and they recognize 
that further progress must result from the use of machine tele- 
graph methods. They have understood that the machine to be 
valuable must despatch a greater volume of traffic on existing 
wires and give greater efficiency to the operator than can be 
done with the now highly developed Morse methods. The field 
` of machine telegraphy thus determined has proved to be a most 
409 
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fascinating one to inventors and has enlisted the constant atten- 
tion and efforts of a large number of able and ingenious men. 
As a consequence, various telegraphic devices and machines 
have been brought forward at different times to meet the demand 
of the situation, but since none has heretoforeremained predom- 
inant in the field, it is clear that none has been able to meet 
the exacting requirements attending commercial operation. 

The purpose of this paper is to describe a system of telegraphy 
which meets the requirements of the telegraphic service of to- 
day by providing for an enlarged wire capacity, combined 
with greater efficiency of the operator and adaptability to 
the requirements than any system previously described. 
In practical operation, it has continuously demonstrated its 
efficiency in despatching an enormous volume of business with 
regularity and accuracy on a single wire, while the operators em- 
ployed have been not necessarily skilled inthe use of the Morse code. 


. GENERAL DESCRIPTION 


The Rowland Telegraphic System is a sytem in which the two 
features of multiplexing and printing are combined. The 
multiplex feature is accomplished by the synchronous operation 
of the instruments at the terminal stations. By this means, 
in an octoplex installation each of the.four operators is given 
the use of a telegraph wire one-fourteenth- of a second, at inter- 
vals recurring 3.5 times a second.* In addition, the wire is 
duplexed by the polar duplex method, so that four transmis- 
sions in each direction, or eight in all, are obtained. Ina quad- 
ruplex installation, each of the two operators is given the use 
of the wire for one-seventh of a second at intervals recurring 
3.5 times a second; and the duplexing of the wire provides for 
two transmissions in each direction, or four in all. 

The printing 1s accomplished bv a perfectly direct method; 
that is, no punched or otherwise preparedtapeisusedateitherthe 
sending or receiving station, but the printing is controlled di- 
rectly from a keyboard, practically identical with that of a 
typewriter. The total duration of the operation, from the 


*The normal operating speed is fixed at 210 revolutions of the line 
unit per minute, or three and one-half revolutions per second, or one 
revolution in one divided by three and one-half, or two-sevenths of a 
second. This interval of two-sevenths of a second being divided among 
four operators, gives each one the use of the wire for two sevenths 
divided by four, or one-fourteenth of a second. 
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depression of the key at the sending station until the character 
is printed at the receiving station, is less than one-quarter of a 
second. 

All the operations at the receiving station are controlled 
from the keyboard at the sending station. This keyboard is 
identical with a typewriter keyboard, except for three addi- 
tional keys, the so-called “ lining," "backing," and “blanking” 
keys. The lining key is for the purpose of enabling the send- 
ing operator to move the paper from line to line on the printer 
at the distant station, the paper being moved the distance be- 
tween two consecutive lines each time this keyisdepressed. The 
backing key is used for the purpose of returning the carriage 
at the distant station to the beginning of a new line. The 
blanking key is used for the purpose of shifting a telegraph 
blank on the printer at the distant station to the proper position 
for a new message. By the useof thesekeysin conjunction with 
the other keys, the operator hasperfectcontrol over the receiving 
printer at the distant station. All the operations performed 
on a typewriter, such as paragraphing, tabulating, etc., can be 
performed equally well with this keyboard. 

At the sending station, in addition to the keyboard there is a 
home-recorder anıl a signal light for the guidance of the operator. 
The home-recorder consists of a tape-printing arrangement. 
A narrow paper band passes directly over the keyboard, and 
(directly) in front of the operator. On this tape is 1ecorded the 
character corresponding to each key depressed. When the 
lining, backing, and blanking keys are depressed, in place of 
performing these operations on the home-recorder, characters are 
printed on thetape, indicating that these keys have been operated 
properly. When the backing key is depressed, an arrow is 
printed on the tape. This arrow, as the tape moves, travels 
with the tape along a properly graduated scale and indicates 
to the operator the position of the character last printed on the 
page printer at the receiving station. | 

In addition to the home-recorder, there is placed beside the 
keyboard a small red signal-lamp for the guidance of the sending 
operator. When the carriage at the receiving station has ap- 
proached within a certain number of characters of the end of 
the line, this signal lamp automatically lights, thus performing 
the same function as the bell on the type-writer and preventing 
the sending operator from piling letters at the end of the 
line. When the operator depresses the backing key, this 
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light goes out as soon as the carriage at the distant station has 
returned to the beginning of a new line. 

At the receiving station the messages are automatically 
printed in page form on a long band about eight inches wide, 
(See Fig. 1 for facsimile of message) which may be prepared 
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with the regular telegraph blank, or any other blank which may 
be desired. On these blanks the messages may be printed in 
any desired form, there being the same flexibility as can be 
obtained by the use of a typewriter. The page printer consists 
of a light carriage which carries the paper and is capable of 
being moved in a horizontal direction for purposes of spacing. 
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The paper is carried around a roll, which by rotating places 
the paper in positionforanewline. The paper is carried between 
a platen anda constantly rotating steel wheel, having the various 
characters engraved onitsrim. Whena character to be printed 
is directly over the platen, the platen throws the paper against 
the type-wheel, which is continually inked bya small felt ink- 
wheel. All the above motions and the operation of the platen 
are produced by electromagnets under the perfect control of 
the sending operator. 


SPEED OF OPERATION 


The speed of each operator is limited by the number of times 
per minute the keys are unlocked. The normal operating speed 
being 210 revolutions of the driving mechanism per minute, 
the keys are unlocked 34 times each second, or 210 times per 
minute. One key can be depressed each time the keys are un- 
locked. The theoretical maximum speed is about 40 words 
per minute. On account of the time required for returning 
the carriage to the beginning of the line, and also because of 
the fact that the operator does not always take advantage of 
the unlocking of the keys, when operating for long periods, the 
speed in actual practice is about 35 words per minute. How- 
éver, except on the longest lines the speed of the operation of 
the machine may be very materially augmented. Upon the 
basis of 30 words per message, which 15 generally accepted as a 
fair average, this speed is equivalent to a rate of about 75* 
messages per hour, per operator, or 300 in each direction per 
hour, per wire, or 600 per hour, per wire for the full octoplex. 


. TELEGRAPHIC CURRENT | | 

In the Rowland system of telegraphy, the basis of the tele- 
graphic current is an alternating current. | 

In an octoplex installation the current, at the normal speed 
of operation, has a period of 98 cycles per second. The same 
current is used for signalling and synchronizing. This alter- 
nating current is sent over the line continuously. The signals 
consist in reversing certain combinations of waves, as will be 
described later. 
‚ Fig. 4, Curve I, quadrant C is an oscillogram of a block of 
14 of the half waves of the basic alternating current. The half 
waves are numbered from 1 to 56, after 56 another block 

*A rate of 71 messages per hour has been maintained in commercial 


practice for all-day operation. A rate of 50 to 60 messages per hour 
is maintained with ease. 
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begins with No. 1, and so on. This block of 56, which lasts two- 
sevenths of a second, is divided into four blocks each, A, B, C, 
and D, each of which is assigned to a different operator, making 
four transmissions each way if dupiexed as mentioned. Each 
block recurs 3.5 times each second. 

For the purpose of sending the actual printing signals, only 
11 impulses are used in each block. One of the remaining 
three in each block is used for operating the lamp signals be- 
tween the stations, and one other, in the D block, is used for 
the letter finder impulse as is described later. The sending of 
a signal for the printing of a character at the distant end consists 
in the reversal of two of the 11 impulses. By variously com- 
bining two at a time of the 11 impulses, a sufficient number of 
signals is obtained for telegraphic purposes, that is, 55 possible 
different signals, 51 of which are actually used, any one of which 
may be transmitted during a time in which 11 impulses pass 
over the line. 

Fig. 5 shows how the 11 half-waves are combined to Gbtain 
the 51 signals used. 

Fig. 4, Curve 1, is an oscillogram of the current received and 
which vibrates the main-linerelay. Atthe particular time of the 
oscillogram the A operator is transmitting the signal period (e) 
The B operator is transmitting the signal for lining and the С 
operator is transmitting no signal and the D operator is trans- 
mitting the letter A. The letter-finder wave is also shown re- 
versed, as this is always reversed. The carriage on the D re- 
ceiving printer is at the end of aline and the lamp signal in the A 
quadrant is reversed. 

In a quadruplex installation the current has a period of just 
one-half that of the octoplex, or 49 per second; and the 
waves shown in the C and D blocks in Fig. 4 are omitted. the 
waves being numbered from 1 to 28 and after 28 the start being 
again made with No. 1. Each block recurs, as in the octoplex, 
3.5 times a second and thus the time for each wave is twice as 
great as in the octoplex and the frequency is therefore one-half. 


GENERATING THE ALTERNATING CURRENT 


The Demane current used for the Rowland systèm. is 
generated directly by the machine itself, this being necessary 
because the frequency of the current must correspond exactly 
with the speed of the machine. The current is generated by 
a dynamo or by a transformer and a commutator together with 
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a combination of resistances and condensers which serve no 
other purpose than to reduce sparking on the commutator. 

The transformer consists of two primary and two secondary 
coils with an iron core. The commutator used in connection 
with the current generator has eight rings, one being a solid col- 
lecting ring and the other seven being crown sections having 
in the octoplex 56 segments and in the quadruplex 28 segments 
every alternate segment being electrically connected. 

One terminal of each of the two primary coils of the trans- 
former is connected directly to negative. The other terminals 
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are connected to the alternate segments of the first crown sec- 
tion, the coils being so connected that the current flows through 
them in such a manner as to magnetize the iron in opposite 
directions. The theory of the operation of this current generat- 
ing apparatus should first be considered with regard only to the 
solid collecting ring and the first crown section (see Fig. 6), 
the other crown sections simply serving the purpose of stopping 
the spark and preventing wear of the commutator and brushes. 
By taking into consideration only these parts, it will be seen 
that the brushes (which are all in metallic connection) alternately 
connect the two open terminals of the two primary transformer 
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coils to the positive ofthedirect-current voltage, thus continually 
reversing the magnetism of the iron core of the transformer as 
the brushes pass from one segment to the next. These reversals 
of the magnetism of the iron core induce in the secondaries of the 
transformer an alternating current, the further operation of 
which will be explained later. | 

The remaining six crown sections of the commutator have 
their alternate sections connected to the two primaries in a 
similar manner to the first crown section, except that in place of 
being connected directly they are connected through resistances 
shunting condensers, these resistances increasing in value from the 
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Fic. 6—Current generating connections 


second crown section to the last. The brushes are so arranged 
on the trailer arm that the brushes leave correspondigg segments 
of different rings in the order of increasing resistance. By 
this arrangement the spark which would otherwise occur when 
the brush leaves the segments is prevented. 

On the end of the brush arm opposite to that carrying the 
contact brushes are mounted two carriers, the first one of which 
carries a piece of dry felt, the second one a piece of felt slightly 
oiled. These two carriers are operated by springs so that the 
felt is pressed against the surface of the commutator in such 
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a way that the dry piece of felt cleans the commutator while 
the second piece of felt furnishes the commutator with fresh lub- 
ricant. The action of these pieces of felt is to diminish the 
spark on the commutator and also to prevent mechanical wearon 
both the brushes and commutator. 


AMOUNT OF CURRENT REQUIRED 


In the Morse system of telegraphy, and in fact in most systems 
of telegraphy, it iscustomary to measure thecurrrent by applying 
direct voltage to the line so that the same amount of current 
flows at both stations. When the signalling current is reversed 
in direction at comparatively regular intervals there is quite 
a different phenomenon. In this case a greater current flows 
at the beginning of the line than at the end. This fact is readily 
understood by considering the action of the line. Each time 
that the current is reversed not only does a certain amount of 
current flow from the beginning to the end of the line, but there 
is also a large amount of current at the beginning of the line 
necessary to charge and discharge it. When the line has 
any considerable length, that is, a considerable capacity, the 
current which reaches the far end of the line will be only a small 
part of that which enters it. An example will illustrate: A 
particular line has a capacity of 8.4mf.and aresistance of 2070 
ohms, when operated in octoplex (period of current 100) 240 
milliamperes were sent out at the beginning of the line and about 
35 milliamperes received at the end of the line; that is, about 
six times as much current was required to charge and discharge 
the line as reached the far end of the line and actually vibrated 
the main-line relay. Of course, a similarstate of affairs is present 
when a line is operated by any reverse-current system, such as 
the Morse duplex or quadruplex; but the phenomenon is not 
often observed as the steady state of the current is measured 
and alternating-current measuring instruments are not ordi- 
narily required in a telegraph office. 

For the proper operation of the relays used with the Rowland 
system, it is necessary to have at least 25 milliamperes at the 
receiving station. А very good practical working value for this 
relay is about 35 milliamperes; and when line conditions are very 
bad it may be found necessary to use 45 milliamperes. These 
values of current are required, not because the apparatus will not 
operate with less, but the signalling current must be sufficiently 
large to overbalance the effect of leakage and induction currents. 
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DuPLEXING 


The duplex feature of the Rowland system is obtained as in 
many other systems of telegraphy by the use of a differentially 
wound relay and an artificial line, which represents as nearly 
as possible the real line as regards its resistance and capacity. 

In order that the main-line relay may not be affected by the 
outgoing current, it is necessary that the currents in the two 
sides of the relay should be identical. In order that one may 
know when such is the case, a large resistance (about 5,000 
ohms) is connected from one side of the relay to the other. 
Across a small part of this resistance (about 50 ohms) a 
telephone is connected.* | When the currents flowing through the 
two sides of the relay are identical, no current will flow through 
this shunt and consequently there will be no sound in the tele- 
phone. By means of plugs it is possible readily to change the 
resistance of the artificial line, and also to move the condensers 
to any part of this resistance and thus to adjust the currents in 
the two sides of the relay until they are equal in phase and value. 
In the Rowland system the alternating characteristic of the 
current causes the balance to depend more directly on the capa- 
city of the line than on its resistance. The balance used in 
its operation, therefore, is much more stable under varying 
conditions of the weather than in such a svstem as the Morse 
quadruplex, in which the resistance must be kept adjusted to 
the varying conditions, since the weather has much greater 
effect on the equivalent resistance of the line than on its capa- 
city. ; и 

SYNCHRONISM 

In most of the systems of multiplex telegraphy that have 
ever been tried the principle of synchronism has been used; that 
is, the apparatus at either end of the line has been operated in 
unison with that at the other end. In most synchronous systems 
of telegraphy, synchronism is obtained by adjusting the ap- 
paratus at each station so that it rotates very closely to some 
predetermined speed and in some way, at definite intervals, 
a correcting impulse is sent over the line; by this means the 
position of the apparatus is changed by the amount it has de- 


* Recently a double-needle indicating instrument has been devised for 
use in connection with the Rowland system; one needle indicates when 
the resistance referred to has been properly adjusted, and the two needles 
by both giving zero readings indicate when the capacity has been 
adjusted and located. 
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viated from the other machine since the last correction. All 
methods of synchronism based on this principle have proved 
that they require extremely delicate adjustment, and even under 
the best conditions are subject to frequent disturbances. 

The synchronism as used in the Rowland system of telegraphy 
is of a continuous and stable character. The synchronism is 
maintained by the use of every impulse which comes over the 
line, (of which there are in the octoplex 196 per second) and not 
a small fraction of the total number, as in the case of the systems 
referred to above. These impulses come at such a rapid rate 
that on account of the large inertia of the moving parts noeffect 
is observed due to each impulse separately; but the regulation 
is entirely due to the integral effect of a large number of impulses, 
so that any variation of even a comparatively large number of 
the impulses will produce no sudden disturbance of thesynchro- 
nism. 

Potts’ SYNCHRONIZER 

This synchronizer (which is the form now used on the Row- 
land machines) consists of a small direct-current shunt motor, 
(See Fig. 7). On a shaft driven by this motor is mounted a 
trailer Z, which passes over a crown commutator having alter- 
nate segmentselectrically connected. Thiscrowncommutatorhas 
such a number of segments that each segment corresponds 
to a half wave of the alternating current used for signalling. It 
will be seen that the effect of this brush arm and commutator- 
is identical with that of the vibrating tongue of a relay. The 
alternate segments of this crown commutator are connected 
to the two contacts of the synchronizing end of the main-line 
relay. In series with the armature of the motor above referred 
to is a resistance Z,. One side of this resistance is connected 
to the synchronizing tongue M; of the main-line relay. The 
other terminal of this resistance is connected tothe trailer Z,. 

The tongue of the main-line relay is kept in continuous vibra- 
tion by the alternating current from the distant station, and 
the trailer Z, is kept in continuous rotation by the motor. If the 
tongue of the relay is on the side contact which is connected to 
the set of segments of the crown commutator which the trailer 
is touching at the same time, it will be seen that the resistance 
Z, is short-circuited; while if the tongue of the main line relay is 
on the side contact of the relay which is not connected to the 
set of segments of the crown commutator which the brush Z, 
is touching at the same time, the resistance Z, will be in series 
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with the armature of the motor. In one case the armature 
will receive a much greater current than in the other. 

Consider, first, the case when the vibrations of the tongue of 
the main line relay and the rotation of the brush arm bear 
such a relation to one another, that as long as the tongue M ,, 
is against the contact М, the brush Z, is in contact with the 
segments Z,, If this condition is maintained it will be seen 
that the resistance Z, is continuously shunted. 

Secondly, consider the case when the vibrations of the tongue 
of the main line relay bear such a relation to the rotation of 
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Fic. 7—Synchronizing connections 


the brush arm, that when the tongue M;, is on the contact My, 
the brush is on segments Zs, and when the tongue is on the 
contact М, the brush is on the segments Z;,. If this condition 
is continuously maintained it will be seen that the resistance 
2, is continuously in circuit with the armature. 

Thirdly, consider any case in which the vibrations of the relay 
tongue and rotation of the brush arm have some relation between 
the above two. If any relation between the first two mentioned 
is continuously maintained, it will be readily seen that at rapidly 
recurring intervals the resistance Z, will be in circuit and out of 
circuit. Depending upon the relation between the vibration 
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of tbe tongue and the rotation of the brush arm, the intervals 
during which the resistance is in circuit and out of circuit will 
vary in length; and in addition to the regular current flowing 
through the armature, there will be a pulsating current flowing 
through the same and the strength of these impulses will depend 
upon the relation existing between the vibrations of the tongue 
and the rotation of the brush arm. Consequently. while the 
relay tongue is vibrating in unison with the rotation of the brush 
arm, there can be various amounts of current flowing through the 
armature of the motor, depending upon the relation of the relay 
tongue and the brush arm. (This relation is spoken of as the 
phase difference). . 

Let us assume that the relay tongue and the brush arm 
have such a relation that the current allowed to flow through the 
armature isofthecorrect valueto maintain the speedof the motor 
at the same value continuously. If the rate of vibration of the 
relay tongue increases, the relation between the vibration of 
the relay tongue and the rotation of the brush arm will change, 
but in such a manner as to strengthen the impulses flowing 
through the armature; and consequently the speed of the motor 
will be increased, but only untilthisspeed corresponds to the rate 
of vibration of the tongue. Ifthe armatureof the motor attempts 
to go faster than the vibrations of the relay tongue, the impulses 
through the armature are weakened and the speed 1s kept normal. 
If the motor attemps to go slower the impulses are strengthened 
and the speed of the motor is still kept normal. Consequently 
the speed of the motor follows any changes in the vibrations of 
the tongue and any tendency for the motor to change its speed, 
as, for instance, a change in the voltage in the power circuit, 
is immediately compensated for by a slight shift in the phase 
difference above mentioned. In starting the machine, syn- 
chronism is obtained by the use of a rheostat in series with the 
motor field. 

The operationof the synchronizing device will be better under- 
stood by referring to Fig. 4 which gives several oscillograms of 
the synchronizing current under different conditions. Curve 
No. 3 is the current through the motor armature when in syn- 
chronism, and Curve No. 4 is same when the motor is coming 
into synchronism. Curve No. 5 shows the current furnished 
to the motor by way of the vibrating relay and not the total 
' current in the armature of the motor and for a high value of 
current in the fieldof the motor. Curve No. 6 isthe same as No. 5 
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except that a much smaller value of current is flowing in the 
fields of the motor. In both Curve No. 5and No. 6 the motor was 
in synchronism. The difference in length and value of the 
impulses in the two cases is to be noted. Curve No.7 shows the 
same current as No. 5 except for the condition when the motor 
is coming into synchronism. The rheostat is regulated until 
synchronism is obtained. 

If the above arrangement is used alone, it will be found that 
the synchronism will not be steady, but will oscillate; that is, 
at rapid intervals the speed of the motor will increase and 
decrease between certain limits. These oscillations are pre- 
vented by mounting on the high-speed shaft of the motor a 
so-called viscous damper. In one form this damper consists 
of a steel fly-wheel having a hollow rim which is nearly filled 
with mercury. The friction between the rotating mercury and 
the rotating rim of the fly wheel rapidly dampens any vibrations 
which tend to take place and makes the synchronism 
almost, if not quite, dead-beat. This effect of the mercury 
damper is identical with the effect produced onthe vibrations 
of a pendulum by immersing it 1n molasses or mercury. 

In regard to the practical operation of the above method of 
synchronism, it may be stated that the synchronism is often 
maintained for a whole day continuously without a single failure. 
Line swings of short duration do not cause it to loosen the letter, 
but cause an oscillation for an instant. All the variations of 
voltage, etc., under commercial conditions are automatically 
taken care of. To illustrate, in a test of this point changes in 
the conditions, which would cause the motor to change its speeds 
50% if the synchronizing device were cut out, have been made 
without loss of svnchronism. 


SYNCHRONOUS INDICATOR 


In addition to being able to produce synchronism, it is nec- 
essary to have some means of knowing when synchronism has 
been obtained. There are many methods of doing this. Two 
methods are usually provided. 

First. The synchronizing telephone. 

This is a telephone in parallel with a small resistance, through 
which flows a small part of the pulsating current which flows 
through the armature of the motor. If synchronism has not 
been obtained, sounds of two different pitches will be heard in 
the telephone. If the speed is sufficiently near synchronism 
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beats will be heard, similar to those produced when two keys 
of nearly the same pitch on an organ are sounded at the same 
time. As the speed more nearly approaches synchronism these 
beats will follow each other at greater intervals; and finally, 
when synchronism has been obtained, there will be a smooth 
sound of a definite pitch. 

Second. The synchronizing lamp. 

An incandescent lamp is connected so that it receives a pul- 
sating current similar to that passing through the armature of 
the motor and the telephone. When synchronism has not been 
obtained the light of the lamp will pulsate; when synchro- 
nism has been obtained the light of the lamp will be steady. 


FINDING THE LETTER 


It will be noted from the description of the synchronizer that 
every alternate segment of the synchronizing commutator is 
in electrical connection, and that consequently when synchro- 
nism is obtained the brushes may be on any one of 28 segments 
in the octoplex, or on any one of 14 segments in the quadru- 
plex. Before the signals can-be received properly, it is necessary 
that the trailers of the sending and receiving stations shall be 
on corresponding segments. 

The operation of shifting the brushes so that they are on 
corresponding segments is the so-called ‘“‘ finding the letter.” 
For this purpose, at the sending station the impulse correspond- 
ing to the fifty-fifth segment (inthe quadruplex it is the 
twenty-seventh segement) is reversed every revolution. At 
the receiving station the fifty-fifth segment in the octoplex, 
or the twenty-seventh in the quadruplex, operates the ''letter 
finder " relay, identical in connections with a selecting relay. 
This relay is so connected, that when it receives a normal un- 
reversed impulse it is against its rear contact; but when it re- 
ceives a reversed impulse it is against its front contact. 

A gear driven by the motor pinion on the line unit, at a speed 
of 3.5 revolutions per second—the normal operating speed— 
carries a pawl which engages with a 28 toothed ratchet; in the 
quadruplex the ratchet has 14 teeth. This ratchet is fixed 
rigidly on the gear which drives the commutator brushes. The 
motor pinion, then, drives the gear carrying the pawl, and the 
pawl engaging the ratchet drives the train of gears carrying 
the brushes on the commutator. Ап electromagnet attached 
to the frame of the machine operates a plunger which causes 
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a pin to trip the pawl on the ratchet, dropping it back one tooth 
each time the magnet is operated. The circuit of the magnet 
is completed through a resistance, a push button, and the back 
contact of the letter finder relay. 

If synchronism has been obtained and the brushes are not on 
corresponding segments at the sending and receiving stations, 
the letter finder relay will be back, and when the push button 
is depressed the letter finder magnet will operate and the pawl 
wil drop back one tooth in the ratchet each revolution until 
the brushes are on corresponding segments, when the reversed 
fifty-fifth impulse will fall on the letter finder relay, and the cir- 
cuit of the letter finder magnet will be broken. An incandes- 
cent lamp is connected from the positive terminal through the 
back contact and tongue of the letter finder relay to negative. 
As long as the brushes are not on corresponding segments this 
lamp will be lighted. When the brushes are on corresponding 
segments, and the relay tongue is therefore on its front contact, 
the lamp will go out indicating that the letter has been found. 


TRANSMISSION OF THE SIGNALS 


The transmitting apparatus proper consists of a keyboard, 
a sending commutator, and a transmitting relay.(See Fig. 8.) 
The keyboard consists of a number of levers, one for each char- 
acter, pivoted in the middle and each carrying a heavy contact 
strip which, when the key is depressed, makes contact with two 
pins. Ononeendofthisleveris a small lip S, which engagesa 
steel bar S,, passing above the keys. By means of a cam S, 
and a lever S, this baris given a reciprocating motion. In one 
position it permits the keys to be depressed at will, and in the 
other position it holds the kevs down or up, as the case may be. 
At the usual speed of operation this bar is made to oscillate three 
and one-half times per second. 

The sending commutator consists of a ring dvided into 56 
segments in the octoplex, or 28 in the quadruplex. Each of 
these segments corresponds to a half-wave. Eleven segments 
being connected to each keyboard, each key when depressed con- 
nects two of these segments to the negative. 

The transmitting relay consists of a polar relay of ordinary 
form, one coil of which is connected through a high resistance 
in sucha way as to receive current continuously, giving the trans- 
mitter tongue a bias which holds it normally against one con- 
tact. The other coil when energized by current through the 


1907] POTTS: ROWLAND TELEGRAPH 429 


sending commutator, keyboard contact pins and key lever, and 
a resistance, attracts the transmitter tongueto the other contact. 
This disconnects the line from one secondary of the transformer 
and connects it to the other, thus sending an impulse the reverse 
of the normal. When the brush passes over such segments as 
are made negative by a depressed key on the keyboard, the 
magnet S, is energized, and the impulses corresponding to these 
segments are reversed. The cam S, is so geared to the brush 
S, that the keys are always locked when the brushes pass over 
the segments corresponding to that particular keyboard. 
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Fic. 8—Transmitting and home-recording connections 


Номе RECORDER 


In addition to printing the message at the distant station, 
a record is also obtained at the sending station for the guidance 
of the operator and for record purposes. This record is pro- 
duced by the outgoing signals, in a manner similar to that used 
at the receiving station. For this purpose each sending posi- 
tion is supplied with a bank of home-recording selecting relays 
identical with those supplied at the receiving position. These 
relays, instead of being operated by a current from the contacts 
of the main-line relay, are operated by a current shunted off 
from the main signalling current just before it enters the main- 
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line relay. This signalling current is distributed to the various 
home-recording selecting relays by a commutator of 56 seg- 
ments (or of 28 segments in the quadruplex) identical in con- 
struction with the receiving commutator. 

The home-recording printer, in the present form, is a tape 
printer. The operation of this tape printer is perfectly identi- 
cal with that of the page printer, except that the mechanism 
for lining, blanking, and backing js omitted. (See description 
of page printer). Corresponding to the back contact signal onthe 
page printer at the distant end, there is placed on the sending 
tape printer a small incandescent lamp which lights whenever 
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Fic. 9— Receiving connections 


the receiving lamp relay is against its front contact ;that is, when- 
ever the carriage on the page printer is within a certain number 
of letters of the end of a line, notifying the sending operator 
of this fact. 


RECEIVING THE SIGNALS 


On account of the fact that the signals are produced by a 
combination of two out of eleven, it is necessary that the first 
of the two signals received be stored up in some way until the 
second signal is received, before the corresponding character 
can be printed. This is accomplished by the use of polarized 
relays, one corresponding to each of the eleven impulses. Each 
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printer is furnished with a bank of 11 receiving selecting relays. 
(See Fig. 9.) For receiving the signals there is employed a 
vibrating tongue of the same line relay which is used for syn- 
chronizing, the relay having two independent tongues and 
pairs of contacts, one for synchronizing and one for printing. 

The receiving, like the sending commutator, consists of a ring 
divided into 56 segments in the octoplex, or 28 segments in the 
quadruplex, one segment corresponding to each of the 56 or 28 
impulses. One terminal of the winding of each relay is connected 
to a common point, and the other terminal to the corresponding ` 
segment of the receiving commutator, so that each relay repre- 
sents one of the 56 or of the28impulses. Every alternate relay is 
connected in reverse, so that as the alternating current 1s dis- 
tributed among the relays, each one is against its back stop, 
except in the case when the corresponding impulse 1s reversed, 
when the relay tongue will be against its front stop. 

A resistance of 600 ohms is shunted across the 110-volt 
direct-current mains. The middle of this resistance 1s con- 
nected to the common terminal of the receiving selecting relays. 
The print contacts of the main-line relay are connected to 
points about 100 ohms from the terminals of the 600-ohm 
resistance. As the tongue of the main-line relay vibrates 
from one contact to the other, the current furnished the selecting 
relays changes its direction, and reproduces locally the signalling 
current, received from the other station. As the brush R» rotates 
in synchronism with the vibrations of the tongue M,, each of the 
selecting relays will receive an impulse which will draw the 
tongue against its back or front stop, depending upon whether 
the impulse has been normal or reversed at the sending station. 

Fig. 4, Curve 2, shows the impulses flowing through the 
selecting relays. The impulses shown correspond to those for 
the received current shown in Curve 1. 

A telephone will be noted on Fig. 9. This is for the purpose 
of indicating the proper adjustment of the receiving commutator. 
When the commutator is not properly adjusted it is indicated 
by a loud rap in the telephone. 


PUTOM ATIC TRANSLATION OF RECEIVED SIGNALS INTO PRINTED 
CHARACTERS 


The page printer, by means of which 51 different operations 
may be performed from the keyboard controlled by the operator 
at the distant station, involves the following features: 
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First. A solid steel type-wheel about 2.5 inches in diameter, 
on the circumference of which the characters to be printed are 
engraved. This type-wheel revolves continuously at the end of 
a horizontal shaft, and in synchronism with the trailers on the 
various commutators. 

Second. A light paper carriage, carrying the paper which is 
fed from a roll underneath the type-wheel when new lines are to 
be made. 

Third. A device to thrust the paper forward to make a new 
line. | 

Fourth. A device to move the paper carriage sideways to 
produce the space between letters and between words. 

Fifth. A device to return the carriage to the beginning of a 
new line. 

Sixth. A small printing magnet, which operates a hammer or 
platen which throws the paper against the lower side of the rim 
of the type-wheel, at the moment when the character to be 
printed has turned to its proper position above the line. 

Seventh. A set of five polarized relays called the distributing 
relays, connected to the page printer by a cable, which serves 
the purpose of making contacts at proper moments for sending 
current to the print magnet to print; to a lining magnet to line; 
to a spacing magnet to move the paper sideways; to a backing 
magnet, which allows the carriage to return for the beginning 
of a new line; and to a blanking mechanism which rapidly feeds 
out the paper until a new blank is in the proper position for the 
beginning of a new message. Each of these operations is 
completely controlled by a key on the keyboard at the distant 
station. 

Eighth. A combination commutator, the function of which 
will appear from the following description. Fig. 10 shows such 
a commutator developed. This commutator consists of three 
rings being divided into a number of segments, one fifty-sixth 
of a circumference corresponding to each operation. The rings 
1 and 2 are divided into various segments lettered from A to K. 
The arrangement of these segments are so chosen that at one 
point, and only one point, any two segments corresponding to a 
given character will be in line. The thnd ring is divided into 
various segments, and according as the combination at any 
particular point of the commutator is to print, space, etc., this 
segment of the third ring is connected to the corresponding 
distributing relay. All of the segments in rings 1 and 2 bearing 
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the same letter are connected to the contact of the corresponding 
receiving selecting relay, in the bank of eleven selecting relays 
belonging to that page printer. 

‘The operation of the page-printer will be readily understood 
by reference to Fig. 10, where the connections of the page- 
printer are shown. The incoming signal, which consists of two 
reversed waves, is first received, as elsewhere described, by 
throwing forward the tongue of the two corresponding selecting 
relays against their front contacts. By so doing, the segments of 
the combination commutator having the same letters as these 
relays will be connected to the frame of the bank of selecting 
relays, since the eleven tongues of this bank of relays are elec- 
trically connected to the frame. The brush bearing on ring 
No. 2 of the combination commutator is connected directly 
to negative, the frame of the machine, while the brushes on 
rings No. 1 and No. 3 are insulated from the frame, but connected 
to each other. 

When the trailer brushes on the combination commutator, 
being in continuous rotation on the three rings Nos. 1, 2. and 3, 
rest at the same time upon segments of the commutator which 
are connected together, through the contacts and tongues of the 
two selecting relays which are against their front stops, an 
impulse will be sent through the wire P 12 and the front spool 
of the print relay. This will throw the tongue of the print relay 
forward and close the circuit of the print magnet, operating the 
hammer and throwing the paper against the type-wheel at the 
proper time to print the letter corresponding to the signal sent. 

When the print magnet operates, a contact on the hammer 
will ground the contact 5, and thus send a current through the 
back spool 13, of the print relay, and also through the front 
spool of the space relay. This will open the circuit of the print 
magnet, thus releasing it, and at the same time will close the 
circuit of the space magnet. When the space magnet has oper- 
ated the spacing mechanism of the printer, a contact attached to 
this mechanism connects the contact 7 to the negative, thus 
sending an impulse through the back spool P 7 of the space 
relay, and pulling the tongue of the space relay against its back 
contact, thus opening the circuit of the space magnet. | 

The electrical operation of the backing mechanism is similar 
to that of the printing and the spacing , except that the operation 
of the release contact is somewhat different. In order to throw 
the backing relay against its back stop, it is necessary to make two 
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contacts. One of these contacts, 9, is made when the paper 
carriage has returned to the beginning of a new line, so that 
current continues to flow through the back magnet until the 
carriage is returned to the beginning of a new line. The other 
` contact, through wire, No. 23, is made by the trailer brush 
passing over a short segment on the combination commutator. 
The '' buffer " magnet is energized by current through,wire No. 
14 and a contact on the plunger of the backing magnet, as soon 
as the backing magnet is operated. When the carriage returns 
to the beginning of a line it is held by the buffer magnet, which 
prevents the carriage rebounding, until, at the next revolution of 
the trailers, contact 1s made on the short segment of the commu- 
tator, and current through wire No. 28 and contact No. 9 and the 
back spool of the backing relay opens this relav and releases the 
backing and the buffer magnets. 

The electrical operation of the lining mechanism 1s identita 
with that of the printing and the spacing. When the operator 
has finished a telegraphic message and desires to start a new one, 
the blank key is depressed. This throws forward the blanking 
relay against its front contact. This connects the front spool 
of the lining relay to negative by way of contact 16 and the 
blanking relay. The contact of the lining mechanism nor- 
mally rests against the contact 16, and if the błanking relay 
is front the lining relay will be thrown front, and the 
lining magnet will operate and in so doing will ground the 
back spool of the lining relay through the contact 11, thus 
opening the circuit of the lining magnet, which will allow the 
negative contact of the lining mechanism again to throw front the 
lining relay. This process will continue and the paper will be fed 
out as long as the blanking relay remains forward. However, 
at definite intervałs the paper is perforated, and as soon as the 
blank has advanced to the proper position the holes allow the 
brushes 17 to make contact through the paper with a negative 
connection on the frame. This sends an impulse through the 
back spool of the blanking relay, thus pulling the tongue of the 
blanking relay against its back contact and thus stopping the 
operation of the lining mechanism. 

When the carriage is within a certain number of characters of 
the end of the line, a contact is made by the action of a strip on 
the carriage frame, thus grounding the segment on the sending 
commutator which corresponds to the back signal. . This con- 
tinues to send the backing signal to the operator at the distant 
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end as long as the carriage is within a certain distance of the end 
of the line. This is also so arranged that when the blanking 
relay is front and the paper is feeding out, it sends the signal 
to light the red lamp at the sending station, thus insuring that 
the sending operator does not begin a new message before the 
paper has stopped moving. 


MECHANISM FOR PRODUCING THE UNISON OF LOCAL APPARATUS 


In order that the motor which is synchronized by the impulses 
over the line, and which drives the brushes on the commutators 
directly concerned with the sending and the reception of signals, 
have as little and as constant an amount of work to do as possible, 
the printers and home-recorders ar2 sometimes (particularly in 
large installations) driven by a separate motor, Fig. 13, which 
is kept in unison with the motor on the line unit. It is not only 
necessary that these two pieces of apparatus be kept in syn- 
chronism, but also that their commutators bear a definite relation 
to one another. In order that this may be the case, the mechan- 
ism which maintains the unison of these two pieces of apparatus 
is so arranged that this unison is possible only when the commuta- 
tors bear a correct relation, the one to the other. 

On the line unit is a commutator, known as the multiple- 
unison commutator, divided into twelve segments; and on the 
.unison unit, which is the driving mechanism of the local printers, 
is a similar commutator of 12 segments, known as the unison, 
unit commutator. The corresponding segments on these two 
commutators are electrically connected. The biush on the 
multiple-unison commutator is connected to negative. The brush 
on the unison-unit commutator is connected—after the unison- 
unit motor is brought up to speed by means of the starting box— 
to one terminal of the motor armature, and also to one term- 
inal of the synchronizing resistance. The other terminal of 
the synchronizing resistance 1s connected to negative: and the 
other terminal of the motor armature to positive. The brushes 
on the unison-unit commutator are driven by the unison-unit 
motor. 

When the line-unit and unison-unit motors are running at the 
proper speed the brushes on each commutator will be making 
210 revolutions per minute. If the brushes are on corresponding 
segments of the two commutators, the synchronizing resistance 
will be short-circuited, and the armature of the unison-unit 
motor will be directly acioss the power mains. If the brushes 
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are not on corresponding segments of the two commutators, 
the synchronizing resistance will bc inserted in the armature 
circuit, reducing the speed of the unison-unit motor, which will 
run slowly until it has dropped back to a point where the brushes 
are again on corresponding segments on the two commutatois, 
when the armature will again receive its full current. By adjust- 
ing the resistance in series with the shunt field of the motors, 
the speed can be regulated to such a point that the action of 
the brushes on the commutators, in short circuiting the syn- 
chronizing resistance, will keep the unison-unit motor in syn- 
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Fic. 11 —Unison-unit connections 


chronism with the line-unit motor. It is of course not nec- 
essary to adjust this resistance every time the motor is started: 
This resistance 1s set for any speed of operation once for all. and 
the motor is then started just the same as any motor; t.e. by the 
use of a starting lever. The synchronism takes care of itself. 

For the pu: pose of indicating when the two pieces of appa-atus 
are in unison, a unison lamp is provided. The circuit of this 
lamp is completed through extra rings on each commutator. 
It will be noted by reference to Fig. 13, that this lamp reccives 
no current when the two brushes are rotating in synchronism; 
but 1f the synchronism moves the distance of more than one 
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segment, this lamp will receive an intermittent current and will 
thus indicate that the two pieces of apparatus are not in unison. 

To secure a uniform rotation of the print-unit driving shafts, 
a mercury damper similar in action to that on the line-unit 
motor, is provided for the unison-unit motor. To assist further 
in obtaining as nearly as possible an absolutely uniform rotation 
of thetype-wheel on the individual printers, so that the type-whcel 
will travel at all points in its revolution a fixed, definite distance 
between the time when the impulse is received by the print 
relay and the time when the platen strikes the paper against 
the ‘type-wheel, and thus give uniform spacing between the 
letters, each type-wheel shaft is provided with a fly-wheel; 
and the driving dog on the end of the shaft, through which the 
motion is transmitted to the shaft, is made up by winding a flat 
steel spring into a spiral, one end of which is fastened rigidly to 
the shaft, and the other end of which engages the driving dog. 
The spring has a strip of heavy, non-elastic material wound with 
it, the action of which prevents rapid oscillations of the spring. 


METHOD OF CONSTRUCTION OF APPARATUS. 


The Rowland apparatus is divided into a number of units for 
convenience of manufacture and operation. Any unit can be 
quickly removed and replaced by another unit. In general any 
machine is divided into three units, the line unit, the correspond- 
ence unit,and the unison-unit. (See Figs. 2, 3, 12, and 13.) The 
line unit comprises the current generator, sending, receiving, and 
home-recording commutators, synchronizing device. transmitter 
and main-line relay and all the parts directly concerned with the 
line, in other words the purely telegraphic parts of the apparatus 
The correspondence unit comprises the keyboard, home recording 
printer, and receiving printer; in other words, a duplex electrical 
type-writer. The unison unit simply serves to supply power to 
operate the correspondence units; 1t may be dispensed with in 
case of small installations, as they can be operated directly by 
the line, or a separateone may be provided foreach correspondence 
unit if so desired. 


CONCLUSION 


From the foregoing discussion of the telegraphic situation and 
the description of the Rowland system, it has probably been 
understood already that the latter is constructed essentially to 
meet the demands of the former. A brief examination of the 
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adaptability of the machine to the situation, however, is neces- 
sary in order to appreciate thoroughly its practical utility and 
efficiency. | 

The most important practical requirements of the telegraphic 
service are accuracy and promptness. These factors, in a great 
measure, determine for the telegraph its peculiar field. In the 
Morse system the presence of the human element in every 
operation necessarily introduces corresponding inaccuracies. 
In the Rowland system the-human element is reduced to a mini- 
mum by keyboard transmission and automatic reception. The 


Fic. 12.—Correspondence unit, sending side showing keyboard and Home 
recorder. 


printed local record before the Rowland operator, too, shows 
what has been transmitted, and furnishes the operator an im- 
mediate method of checking the message sent. · The octoplex 
wire capacity of the Rowland and direct transmission from 
typewriter keyboards with direct reception in printed characters 
on regular telegraphic blanks ready for immediate delivery con- 
stitute the best possible combination to insure promptness. 
With the Morse system, particularly in wet weather when the 
wire capacity is reduced, serious delays іп transmitting telegrams 
often occur through a sudden or abnormal accumulation of 
business. The octoplex wire capacity of the Rowland system 
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in all weather conditions provides a greatly increased margin 
for reducing and avoiding such delays. 

As already explained, the machine demanded by the tele- 
graphic field must give greater efficiency to the operator and the 
wire than can be done with Morse methods. 

The efficiency of a Rowland operator is practically double 
that of a Morse operator. To transmit a Morse message, two 
skilled operators are necessary, while to transmit a Rowland 
message one typist is necessary. The sole requirement that the 
operator shall be a typist and able to transmit a message in- 


Fic. 13.—Correspondence unit, receiving side showing page-printer. 


telligently greatly broadens the labor field and permits the 
economies incident to such an increased supply. 

The more complete utilization of the wire operated by the 
Rowland, as compared with the Morse, has already been sug- 
gested. Under weather conditions most favorable to the Morse, 
the Rowland wire capacity is double that of the Morse, while in 
weather unfavorable to the Morse, the Rowland wire capacity is 
triple or quadruple that of the Morse. 

As features of the Rowland system which lend themselves to 
further expansion and development in the telegraphic field, it is 
interesting to note that the method of dividing the use of a 
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telegraph wire among a number of operators provides the 
fundamental and ideal requisite for the development of new 
and improved distributing methods for the general service and 
for facilitating and expanding the private use of the telegraph. 
Machine methods of relaying, more accurate and efficient in 
their operation than Morse methods offer further promising 
fields for greater efficiency. 

In conclusion, having indicated the field and the demand for 
a machine telegraph and how the machine under consideration 
meets the conditions imposed, it only remains to suggest that 
with the application of machines, which provide for the 
more efficient transmission of a greatly increased business 
on present wire systems, and the further developments of the 
possibilities outlined, it is not unreasonable to expect that the 
telegraphic service di;ected by a broad policy will become in the 
near future hardly second in its unrestricted use and importance 
to the post office itself. 


NoTE.--The above article has been written with special reference to 
American practice and in particular the highly developed American Morse 
methods and the highly skilled American operator. Many points of 
difference present themselves in foreign practice. It is possible elsewhere 
to use much smaller values of received current than here. The saving 
in wires becomes much greater when considered with reference to coun- 
tries making use of other methods of transmission. 
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NOTES ON HYDROELECTRIC PLANT ORGANIZATION 
AND OPERATION 


BY FARLEY OSGOOD* 


In order to discuss the several branches of hydroelectric 
plant organization in logical sequence, it seems desirable to 
divide the subject into two general headings: physical and 
personal. The general heading physical organization may be 
more closely followed under the subdivisions: hydraulic, power 
station, and line. 


HypDRAULIC DEPARTMENT | 


The first matter to consider on the hydraulic end of a system 
is the amount of water available for power. If the source of 
power is of such magnitude that only a portion of the available 
water is needed to fulfil the requirements of a proposed develop- 
ment, the study will be along different lines from a development 
which is to take the entire discharge of a river or reservoir 
system. Unfortunately for those interested in water-power 
possibilities, there are not many sources of supply which will 
satisfy the demands by the use of but a portion of the water 
obtainable. As the greater percentage of power developments 
require the use of the entire source of water supply, this paper 
will deal with such types of installation. | 

The department of Geological Survey of the United States 
government has accumulated a vast amount of data regarding 
stream-discharges, drainage-areas, etc., throughout the whole 
country, and there are few powers under consideration which 
are not at least partly covered by information easily obtainable 


*The writer desires to express his thanks to Mr. Frederick Miles for 
assistance in obtaining details of operation. 


441 


442 OSGOOD: HYDROELECTRIC PLANT. [Feb. 20 


and of great benefit to the investigating engineer. With 
government records in hand, a careful study of the surrounding 
country, of a possible site, should enable the investigator 
to determine the limitations of development. The inclination 
is to become over enthusiastic concerning a power study, which 
naturally leads to disastrous results, as it means, 1f followed too 
far, that an installation will be recommended greater than can 
be used to its full benefit continuously. | 

In this age of rapid development and performing of great 
engineering feats, we sometimes, perhaps too often, lack in- 
clination to listen to our elders when they discourse on the 
happenings of their boyhood days; but when making a study 
of a water-power development it is good policy to make friends 
with the oldest inhabitant and his contemporaries, to draw 
them into tales of the terrible floods, awful ice jams, and droughts; 
for history repeats itself, we are told, and any recurrence of such 
happenings as may be related by our old friends of the region 
might blast forever the reputation of the power investigator, 
if proper provisions are not made to contend with these diffi- 
culties. The minimum and maximum discharge must be 
determined, and then the intermediate periods worked out to 
show the number of months in which the average or mean 
discharge is available for practical purposes. This is best 
shown by the plotting of curves based on calculations giving 
daily discharges; and the study should cover a period of as many 
years as can be covered by accurate information. The maximum 
discharge can seldom, if ever, be fully utilized; the minimum 
discharge must be guarded against; and the conservative mean 
discharge will be used as a basis for determining the canal 
section, sizes of water wheels, etc.—all, of course, to be con- 
sidered together with the amount of fall obtainable. 

Having decided that a water power will warrant development, 
the next step is to study the most advantageous location of the 
plant. There must be a dam; that 1s, when the entire supply 
is to be utilized, and the dam must be so placed and constructed 
that it can never be carried away by floods, ice jams, or other 
abnormal conditions. Generally speaking, dams of to-day are 
built of concrete, many solid, some rock-filled, and several 
hollow; in the latter type the concrete being merely a shell, as 
it were, reinforced with steel. The ideal dam location will have 
ledge for a base, and ledge to which to tie each end of the dam, 
but as this is by no means always possible, false floorings, deep- 
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front cut-off walls, long wing-walls at the ends of thé dam, and 
many other special features have to be resorted to for the sake 
of security. 

If a sufficient fall is obtainable at the chosen dam-site the 
development will be a simple one, so simple perhaps that a por- 
tion of the dam may be used as one wall of the power station, 
thus enabling the engineer to make the least expensive designof a 
complete hydraulic plant. Usually a canal is necessary in order 
to get the full benefit of all possible head. This canal may be 
an open one, or a wooden or metal tube. When practicable, the 
open canal is the least expensive. Many developments neces- 
sitate a tube, especially in cases where the storage-pond is at 
the top of a mountain and the power station at its base. Wooden 
tubes reinforced with metal hoops are common throughout the 
Northwest, but eastern practice seems to favor the metal tube. 
If an open canal is decided upon, it 1s desirable to have a waste- 
gate arrangement ahead of the intake or controlling gates of the 
canal proper. This is especially true when the spillway of the 
dam is a short one, as sudden rises of a pond may be difficult 
to control; but if the location of the dam is such that the natural 
discharge-area of the pond or river can be considerably increased, 
the provision for wasting water ahead of the controlling gates 
is not really essential. If the development is to include waste- 
gates, a metal gate is preferable to a wooden one on account of its 
strength and greater ease of operation. -A stop-log arrangement 
at the mouth of the canal cut will make it possible to dry the 
canal section ahead of the canal controlling gates, thus making 
it possible to make repairs to all the gates in the headworks, 
If waste-gates are used, it is a good plan to have one of them 
open from the top down, thus taking off surface debris, while 
the other gates should open from the canal bottom up, thus 
ensuring the abilitytodry the head works section when necessary. 

If the canal is a long one, and especially if it is so situated as 
to become the drain of a hilly surrounding country, it is well to 
provide spillways along the canal, the top elevation of which 
should be lower than the elevation determined for the berm of 
the canal bank. Care must be taken properly to protect the 
canal bank at these spillwav points, as any lack of control of this 
waste water might destroy the canal wall. At the lower or 
power-house end of the canal a forebay or small reservoir de- 
velopment is a good feature in order to steady the water at 
the entrance of the penstock or flume to мһісҺ һе water wheels 
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are directly connected. If the canal is a long one and of such 
small cross-sectional area as to necessitate any appreciable 
velocity of the water, a forebay is practically indispensable, 
else sudden increases of load on the station will cause great dis- 
comfort owing to the inabilitv to feed the water wheels fast 
enough. It is well, too, to provide the forebay with an ample 
spillway, as a final safeguard in times of flood occasioned by 
either natural or accidental causes. All the spillways along the 
canal and at the forebay should contain waste-gates in order to 
make it possible to drain the canal quickly in case of accident 
to any part of it. Ifa portion of the canal wall goes out, or even 
starts to fail, many thousand dollars may be saved by being able 
quickly to relieve the injured part of the water pressure against 
it. In a tubular canal care must be taken to provide secure 
anchorages at proper intervals, as there will be a constant 
tendency of the flume to slide downhill, although, of course, 
the weight of the water carried by the flume will greatly in- 
crease its frictional grip on the surface upon which it rests. 

In either an open or closed canal development, trash-racks 
are necessary to keep floating substance out of the wheels. 
Trash-racks are usually made of metal slats, or metal bars, 
arranged in sections, and preferably designed in vertical sections 
as well. А rack-section should not exceed four feet іп width; 
two feet is better. The rack-hoisting machinery should be 
housed, and the front of the building can be carried out over 
the racks with the front wall built down to form a curtain wall 
in the water ahead of the racks. This curtain wall acts both 
as a boom and as a means of sealing the building. It is 
best to heat the rack building during the 1ce season, as it will 
help to keep the racks free of ice, to say nothing of the comfort 
to the man in charge. 

If the racks are built in vertical sections, properly pinned 
together, a rack can be easily removed by one man with the aid 
of a small differential chain-hoist which should be part of the 
rack-house equipment and designed to run on an elevated track 
placed so that the hoist may be brought directly over each 
rack-section. The vertical rack-section allows sufficiently light 
sections to be comfortably handled when out of position, thus 
greatlv facilitating cleaning and repairing. 

If the power station is not to be directlv connected to the 
forebav, a penstock or flume will be necessary. This penstock 
must be protected against water-hammer occasioned by the 
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sudden release of, or wide swings in, the load on the station, 
which would, by means of the water-wheel governors, shut off the 
passage of water through the wheels, thus leaving no outlet for 
the water at the lower end of the penstock. It can easily be 
seen that should this condition arise in a penstock of any material 
length without relief devices, it would not be unreasonable to 
expect the penstock to burst. This would bring about a calamity 
for which few engineers would care to be held responsible. 

This water-hammer, or hydraulic ram effect, 1s overcome in 
two ways; first, by the use of a relief-valve near or at the lower 
end of the penstock, this valve to be set to operate at a pressure 
slightly higher than the normal operating pressure on the pen- 
stock ; secondly, by the continuation of the penstock at its lower 
end to a perpendicular height equal to the elevation of the 
water-level in the forebay—the continued section usually to 
be of a somewhat smaller area than the main penstock. The 
latter, or standpipe method, is, of course, only practicable when 
the discharge from the top can be properly cared for outside 
the power station. Where the development necessitates the 
terminating of the penstock in or under the station, the relief 
valve is used with its proper discharge tube into the tailrace. 

To guard against the rather unusual occurrence of having the 
penstock in danger of collapsing due to the water being suddenly , 
taken from it, it is desirable to place one or more vent-pipes at 
the upper end of the penstock. The vent should be large enough 
to perform its duty when called upon, a fact not always ap- 
preciated by the designing engineer. The vent-pipe should be 
encased and kept from freezing. If a stand-pipe is part of the 
outfit, it should be encased and kept from freezing, and the 
surface-water at its top should receive sufficient heat to keep 
it open. The heating of the stand-pipe may be easily accom- 
plished by either steam or electricitv; it is best handled by 
having it included in whatever system is used to heat the power - 
station. 

It would at first seem proper to include the water-wheels in 
these notes on the hydraulic department, but as the wheels 
really form part of the power-station equipment, and are usually 
wholly or partly within the walls of the building, they will be 
considered under that classification. 


POWER-STATION DEPARTMENT 


As soon as the power station comes into consideration, it is 
necessary to go to the other end of the line and study the field of 
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work to be fed by the station, as surely the nature of the load 
must determine the characteristics of the generating units. If 
the power development is to be one of any great magnitude, it 
will usually be designed to do general work including street and 
commercial lighting, electric railway service, and the factory 
power business—thus carrying a direct load, as well as a syn- 
chronous and inductive load. 

Without question the current will be alternating. General 
practice favors three-phase current. As street lighting is apt to 
be a feature, the generating will be at a high number of cycles; 
40 at least, and usually 60. Railway men prefer 25 cycles, of 
course, but that part of the load can be made a sub-station 
study. As these notes bear directly on the power and transmis- 
sion end of the business, and as the time is limited, we will not 
consider the secondary end in this paper. After the character 
of the load is known, and assuming that three-phase, 60-cycle 
alternating current is to be furnished, the next step is to deter- 
mine the transmission voltage. 

The principal factor in determining the transmission voltage 
is the length of the proposed line. If the field of work is near 
at hand a low voltage maybe desirable, even as low as 10,000 
volts, or in special cases 6600 volts. Under such conditions 
step-up transformers are unnecessary, for a machine voltage 
up to 11,000 volts is entirely within the limits of good practice. 
If, however, many miles of line are required, the transmission 
voltage should not be lower than 24,000 or preferably 33,000. 
Perhaps 50,000 or 60,000 volts would be better to meet all the 
conditions. As 33,000 volts is a very common transmission 
voltage, we will continue under the assumption that these notes 
bear on plants of that or a higher voltage, thus bringing in the 
necessity of step-up transformers. 

Having learnéd the character of the load and determined 
the transmission voltage, it is now necessary to return to the 
water-wheels to find out what speed mav be obtained from them. 
This, of course, will be determined bv the amount of available 
head, and that fáctor will 1n turn determine the voltage of the 
generator units. Аз a rule, it is not advisable to have the gen- 
erator voltage above 2300 volts, unless the generators are to 
have a very large kilowatt capacity, sav over 2000 kw. The 
water-wheel and the generator must be considered together, for 
an arbitrary specification feature of one might well be beyond the 
mechanical or electrical possibility of the other. When genera- 
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tor requirements and water-wheel limits cannot be brought into 
a reasonably close relationship, then gears and belts have to be 
resorted to, and that is not desirable. Direct-connected work 
is the best, but an engineer should not ruin his station by im- 
practical arrangements just to obtain direct-connected prime 
movers. 

The available head is the first point of interest to the wheel 
designers, and secondly the flow of the stream. In low heads, 
and therefore moderate pressures, the wheels are sometimes 
placed in chambers in the forebay or headrace, the shaft running 
through the station wall, the generator being direct connected 
to it. When possible, this makes a very good arrangement, 
but provision should be made to shut the water out of these 
wheel-chambers, and also to drain these chambers in order to 
get at the wheels for inspection and repairs. As this arrange- 
ment of wheels will start with the opening of the turbine-bucket 
gates and draught.tube, it does away with the necessity of 
hydraulic-valve-operated gates, or in fact all other gates, which 
is greatly in its favor. In a fairly high-head development a 
penstock is required and the wheel-chamber scheme is im- 
practicable. 

In high-head work the wheels are usually inside the power 
station building and are encased in a large metal chamber used 
as a water-jacket. This arrangement will require some sort of 
a gate within the station, and it will be best to have the gates 
hydraulically operated, but care must be taken to have the 
operating device large enough to do its work unhesitatingly. It 
is well to have a second gate outside of the building in order to 
keep water out of the wheel-cases when the interior gate needs 
repairing. 

A by-pass around the gate is essential in this type of wheel, 
in order to fill the water-jacket of the wheel before attempting 
to raise the interior gate, thus helping to equalize the pressure 
on each side of the gate, and greatlv relieving the gate-raising 
equipment. This by-pass arrangement can be cast in the gate 
and controlled by a hand-operated valve. This scheme is pre- 
ferable to a pipe and valve tapped into the intake pipe and 
wheel-case. 

An electrically driven device can be used to operate these 
wheel-gates, the motor being driven by current from the exciters, 
thus putting the matter in the hands of the operator—a desirable 
thing in case of accident to a wheel requiring a quick shut- 
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down. In very high head-work impulse wheels are used, the 
governors being used to deflect the stream from the nozzles 
rather than to open or close a gate equipment. There are 
many makes of good water-wheels in America, the choice is 
merely the decision as to the wheel best suited to the conditions 
at hand. 

The water condition again becomes a factor when determining 
the capacity of the generator units, for it 1s desirable to have at 
least one unit which will be about equal to the minimum kilowatt 
output of the stream during periods of low water. It is ad- 
vantageous to have all units of an equal capacity, but in low 
heads, with streams of great difference in minimum and average 
flow, this is often impossible. If all units are of equal capacity, 
it makes them interchangeable and thereby greatly reduces 
the stock of extra parts to be carried. 

When, however, the average flow of a stream would warrant 
2000-kw. units for general service conditions, but the minimum 
period would not develop over 500 kw., it is at once apparent 
that a 2000-kw. machine would give poor service during the 
low-stage period; for a machine works best when loaded, or 
nearly loaded, to its rated normal capacity. These points are to 
emphasize the fact that the hydraulic_and electrical features 
must be considered together. 

The most convenient arrangement of units is in a single row, 
and if possible on horizontal shafts with plenty of room between 
units for the water-wheel governors, and for the operators to 
pass comfortably between moving machines. Many a station 
is ruined by crowding the machines, and as water-driven stations 
are generally in rather isolated locations, the matter of land-cost 
is not an alarming factor, and, therefore, lack of room is in- 
excusable. 

The exciting units should be of sufficient capacity to run the 
whole station with but one exciter. Motor-generator sets or 
electric-driven exciters are a good thing, as after the station is 
in operation the water-driven exciters can be shut down, thus 
saving water. There must be a water-driven exciter, or else 
the station cannot be started up. There should be two water- 
driven exciters, one reserved as a spare. It is possible to carry 
an exciter on the main shaft of the generator, usually on the outer 
end. In some cases each machine may carry its own exciter, 
one or two machines only may carry exciting units of sufficient 
capacity for the entire station. Belted exciters, from a pulley 
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on a machine shaft, are sometimes used, but rarely in any but 
very small plants. 

Individually driven exciters are without question the best 
type. An exciter driven by a larger unit necessitates the 
wasting of water. If for any reason the larger generator is unable 
to carry its portion of the load—and all machines require atten- 
tion and repairs—the arrangement of each generator carrying its 
own exciter is a poor one, for if the water-wheel speed is affected, 
or thegenerator speed is momentarily changed by load fluctua- 
tions, then the exciter voltage follows the change. Frequently, 
.then,the very opposite effect from the desired one isthe result. 

The location of the exciters is largely determined by the 
location of the operating switchboard, as the exciting machines 
should be in sight of the operator at the switchboard. The 
best location for the switchboard is on a gallery high enough 
from the floor to allow the operator to see all machines at once. 
The switchboard, if it does not extend the entire length of the 
gallery, should be in the centre; in such cases the water-driven 
exciters will be most easily observed if directly opposite the 
centre of the gallery, with the electric driven exciter, if one is 
used, on the gallery. If for any reason the switchboard must be 
on the floor, the exciters should be in sight from it ; if the switch- 
board has to be at the end of the building, as is sometimes the 
case, have the exciters on the end instead of in the centre of the 
station. 

Water-wheel governors give the best results when placed as 
near the wheels as possible; they should be electrically con- 
‘trolled from the switchboard, thus making it possible for the 
operator instantly to change the action of a governor. There 
are many types of governors, the foreign types being es- 
pecially good for very large unit work, but there are American- 
made governors which are very efficient, giving entirely satis- 
factory results. American governors can be purchased for 
about half the cost of an equallv good foreign make. 

If the conditions will permit of à gallery, a very comfortable 
layout can be planned. The low-tension bus-bars are well out 
of the way, yet accessible, if placed overhead at the back of the 
gallery. If such an arrangement is chosen, it is a convenience 
to have each set ‘of bus-bars at different heights from the floor, 
but not over one another. The low-tension bus-bars can also 
be well arranged if placed in hangers just under the floor of the 
gallery, although in this arrangement the switchboard wiring 
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cannot be so well cared for, as proper bus-bar clearance must be 
provided. 

Between the machines and the bus-bars there should be both 
knife-switches and oil-switches, the former to protect the 
latter, as sometimes an oil-switch fails to act properly. The 
oil-Switches should be motor-driven, but the hand-operated 
oil-switches are cheaper and are safe for low-tension work. 

All cables should be carried in ducts or troughs, and these 
conduits should be so arranged that they cannot retain water 
should any get into them accidentally. Where the cables are 
carried along walls, it is good practice to run them between 
cement panels, which oftentimes are enclosed except at the 
cable supporting points—where square holes are left—to enable 
the operator to inspect or change a support. The oil-switches 
are well located if placed under the gallery, though some 
operating engineers prefer them on the gallery directly under- 
neath the low-tension bus-bars. Oil-switches are, of course, 
placed in individual chambers, often iron, and just as often 
brick or cement. It is not an unusual practice to close in the 
front of the chamber with a metal curtain, but bv so doing the 
action of the switch is concealed. It is far better to have a 
thick-glass panel in the front of the switch-chamber, this glass 
to be set preferably in a metal frame. These fram.s can be 
built to contain a light of glass for each phase of the oil-switch, 
thus making it possible for the attendant to see the switch at all 
times, which is desirable both for mechanical and personal 
reasons. 

A good position for the generator field-rheostats is on the 
gallery at the back, or immediately back of and above the 
switchboard. In any event, rheostats should not be placed 
under the gallery floor so that the heat from them will heat the 
floor of the gallery. 

The switchboard is best located in the centre of the gallery 
and far enough back to enable the operator to pass in front of it 
without danger of his clothing coming in contact with any 
apparatus on the board, so he can safely turn his back on the 
switchboard when he is watching the action of the equipment on 
the floor of the station. 

The voltage-regulators can be placed on a panel in the switch- 
board, preferably on or next to the exciter panels, or they can be 
hung on supports at the end of the switchboard. 

The synchronizing device should be placed so as to be visible 
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from the governo- of every unit. In long stations two svn- 
chronizing indicators are desirable, being hung to swing at each 
upper corner of the switchboard. 

Automatic line devices are essential, and excellent results 
are obtained by the three-phase bellows type time-limit overload 
relay, the same to close the circuit on the motor operating the 
line oil-switch, thus opening the line. The device itself can be 
placed on the back of the line panel of the switchboard, but the 
transformers for the relays should be placed immediately back 
of the low-tension side of the step-up transformers. This 
placing of these relay transformers is particularly desirable 
when thér: is more than one transmission line and the lines are 
operated in parallel. 

If the relay transformers are not placed on the line side of the 
oil-switch, especially the  paralleling-switch, there will be a 
flow of current through the paralleling-switch, which will at 
times make the relay fail, or at least so delay action that its 
service is too late, often causing uncomfortable results. 

Many engineers prefer to have the high-tension chamber of a 
development in a separate building; thisis not necessary, but the 
high-tension room should be entirely separated from the operat- 
ing room by a heavy fire-proof wall, either brick or concrete. 
A suitable layout of the high-tension chamber of a power 
system is of great importance, the chief requisite being plenty 
of room. In three-phase systems, single-phase step-up trans- 
formers should be used, and the oil-filled water-cooled type is 
the best. The equipment connected to the high-tension end of the 
system and to the transmission lines receives the greatest insul- 
ation strains, and an oil-filled water-cooled transformer has a 
much higher insulation breakdown point than ап air-blast 
transformer. | 

If the transformers are subjected to abnormal pressures, as 
in the case of lightning storms, surges, etc., it is unusual to 
have more than one fail, as the very failure discharges the 
disturbing high pressure; therefore, if single-phase transformers 
are used, the station loses the capacity of but one-third of the 
bank, and if spares are not available, the remaining two trans- 
formers may be re-connected and put into service. If three- 
phase transformers are used, much inconvenience may result 
from a breakdown. Single-phase transformers are more costly 
than three phase, but the money is well spent. 

The cables from the line oil-switches will terminate in some 
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sort of a bus-bar arrangement, to which will be connected the 
low-tension leads of the step-up transformers. These bus-bars 
should not be supported on hangers fastened to the transformer 
cases, but should be placed on the wall back of the transformers 
or one on a separate bus-bar supporting frame. 

The terminals of the transformer leads should be split or of 
some quickly detachable type, or else much time will be wasted 
in getting an injured transformer out of service and making the 
re-connection of the remaining two of the bank. 

A hoisting crane is a dangerous thing in most high-tension 
rooms, and therefore it will be a convenience to have a flush- 
track under and in front of the transformers. The transformers 
can be jacked up on to a low truck which will run on the tracks, 
or each transformer may be equipped permanently with wheels 
to run on the track. 

As the failure of a step-up transformer is really a serious 
matter, and as such an accident may occur at the time of a 
peak load, it is good insurance to carry an extia bank of trans- 
formers, the same to be ready for service and arranged to be 
cut in merely by the throwing of a set of switches. A single 
transformer as a spare is of course better than no spare at all, 
but the spare bank is the true solving of the problem. 

Between the step-up transformers and the high-tension bus- 
bars come the multiple-switches, or the switches so connected 
as to make it possible to cut in any bank of transformers on any 
 outgoingline. Theseswitchesare usually knife-switches, although 
in very large developments high-tension oil-switches are used. 
For most purposes the knife-switches are sufficient, as the 
transformer bank is killed by the oil-switch on the low-tension 
side. If many banks of transformers are used, or if there are 
several outgoing lines, the connections between the multiple 
switches and the high-tension bus-bars may be much simplified 
by the use of sectionalized bus-bars. To the high-tension bus- 
bars are connected the transmission line, and these connections 
should be made through switches; knife-switches are sufficient. 
At first this may not seem necessary, but the induction effects 
from parallel transmission lines usually make these switches 
the best friends of the operators. | 

Just before the lines leave the high-tension room are the 
taps to the lightning-arresters. Some enginee.s prefer to have 
the protective devices in a separate building, but if the high- 
tension chamber is well arranged it 1s perfectly safe to install 
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the arresters in it, and it is a good thing to have the action of 
the arresters observed by the operator. As the lightning- 
arrester problem is a study in itself, and as the writer is pre- 
paring some detailed information to be used at a future meeting, 
supplementing the paper given by him at the 1906 annual 
convention, it hardly seems wise at this time to get too deeply 
into this very fascinating subject. The arresters should be 
given plentv of room and should be installed so as to be quickly 
and easily handled, preferably within reach from the floor. 
If two or more transmission lines are used, it is good practice 
to have two complete spare arrester equipments, no matter 
what type of arrester is used. 

Reactance or choke-coils in the line between the arrester 
taps and the high-tension bus-bars have been proved to be of 
great benefit, many a bus-bar insulator and transformer lead 
having been saved by their use. 

Beware of the use of slate as a material for the hoods through 
which the lines pass in leaving the building. Glass is the best 
material. Simply a hole in the wall is sufficient, but it is de- 
sirable to be protected from the cold air in winter and also from 
small birds, who seem to feel that the power station is built 
for their special convenience. 

Space, plenty of it, 1s the secret of good high-tension chamber 
design. If anv crowding has to be done, let it be anywhere 
but in the high-tension room, or else forever keep away from 
the man who runs the station. 


LiNE DEPARTMENT 


A few years ago the question of material for a pole line was 
scarcely given a thought, as wooden pole construction was a 
universal practice. Experience brought out the fact that the 
poles which lasted the longest were of wood indigenous to the 
locality in which they were used. Wooden pole lines through 
the south were subject to attacks from insects of various kinds, 
and the high voltages coming into favor set the wooden poles 
on fire when an insulator failed, and so metal poles became 
desirable and in many cases a necessity. Generally speaking, 
it is economical to-day to construct a metal pole line, and it 1s 
more satisfactory from an operating standpoint. 

Metal towers vary greatly in price, as a simple tower con- 
sisting of a large iron or steel pipe guyed four ways will not cost 
over $70 placed, while a heavy angle-iron tower, or iron-pipe 
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tower, built up in triangular or quadrangular formation, may 
cost $175 to $250 placed. The lattice tower built with foot 
plates to bolt to a concrete base can be made very costly when 
finally placed. The maintenance and depreciation charges 
against metal towers are very much lower than against wooden 
poles. The towers being stronger and usually somewhat higher, 
the section-lengths mav be increased, thus making it possible 
to have fewer towers than wooden poles. This is a saving; 
it decreases the number of insulators required, and thus de- 
creases the number of possible points of breakdown. The 
towers are virtually indestructible, and the fact that they 
ground the system in times of trouble is not a great detriment 
but is often a real benefit. 

The question of copper or aluminum conductors is still an 
open one, there being many points in favor of each. There 
is not a great saving in the use of aluminum, as the market 
price is governed by the market price of copper. The electrical 
properties of aluminum, as compared with copper, make it 
necessary to have nearly twice the sectional area in an aluminum 
conductor, so, all things considered, the net financial result is not 
so greatly in its favor asis generally supposed. Copper is more 
quickly obtained on orders, but aluminum is more quickly put 
in place, as it is so easily handled on account of its lightness. 
Practice indicates that a copper conductor will remain intact 
at the point of an arc for a longer time than will aluminum, and 
while this is a good feature on a wooden line—it may burn off 
the cross-arm, and thus clear the trouble—it is impossible on a 
complete metal line, as there is nothing to burn off and a sus- 
tained ground on the line may bring failure elsewhere in the 
system. 

At first it would seem that a modification of a metal line is 
advisable, and therefore a metal tower carrying a wooden 
cross-arm would be good practice; for with such a combination 
the system 1s benefited by the better pole, while it still retains 
the benefit of the destructible arm. As a matter of fact, the 
percentage of disturbances which burn themselves clear without 
causing a shutdown to that particular circuit is very low, and 
the metal arm and pins seldom require renewal. Reinforced 
concrete poles, both round and square, are being tried, but at 
present there are no definite data concerning them. 

Where duplicate and parallel lines are built, the poles or towers 
should be so placed that the phase wires nearest each other on 
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the two lines should be at least 25 ft. apart, thus giving plenty 
of room for a phase wire to break and fall without whipping into 
the other line. 

Porcelain insulators have proved to be the best type for 
high-tension work, on account of their superior mechanical 
strength and ability to withstand great temperature changes. 

A telephone line on the same pole line as the transmission 
line is worth its cost as a trouble indicator, as the telephone 
instrument bell reveals the slightest ground on the system. 
Such a line is likely to be heavily charged from the transmission 
line, making it very uncomfortable for the patrolman if he is 
careless in making his tap to it with his patrolling set terminals. 
This induction effect is, of course, relieved by transposing the 
high-tension wires. The telephone wires should be transposed 
about every third section. Although such a telephone line 
will show a surprising voltage between one side and the 
ground, it will be perfectly quiet, giving excellent transmission 
service. 

A telephone service between the power station and the 
sub-stations on a pole line other than the transmission line is 
practically a necessity, as during times of trouble on the trans- 
mission line the telephone line on that pole line is put out of 
commission or is at least unsafe, and it is during times of trouble 
that the telephone service is most wanted. Often it is possible 
to obtain a private service from the public telephone company 
which will be less expensive, all points considered, than the 
fixed charges on an isolated private telephone plant. 


ORGANIZATION OF EMPLOYEES 


The organization of the operating force in an hydroelectric 
power system is less complicated than in a steam System. 
Fewer attendents are needed at the power station, for 
nature not only provides the element of power, but by the 
simple law of gravity brings it to and takes it from the station. 

On the hydraulic end should be a man thoroughly acquainted 
with the physical features of the property he controls, for there 
are generally points in any development which need watching, 
and all maintenance work should be carried on without shutting 
down the plant. The canal or tubular flume, if the latter type 
is adopted, needs constant inspection, for leaks must be antici- 
pated if possible, and preventive work started. The open 
seasons bring leaves, timber, and other debris into the pond and 
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canal; the frost season has its terrors, for the effects of the force 
of frost are incalculable; and the winter seasons, especially in the 
New England and northern sections of the country, bring 
anchoi-ice, frazil-ice, and sometimes great masses of ice—all of 
which do their utmost to overcome the efforts for continuous 
service. The intake gates usually have to be attended to, to 
meet the varying load conditions of the day, and as most plants 
are quite away from points of population, a maintenance force 
of laborers and teams has to be maintained. 

There are so many different conditions of development and 
location in such systems that it 15 impossible to recommend any 
exact form of organization, as really no two can be quite alike. 
The power-station superintendent must of course organize his 
force to meet the exigencies of the service, but it is seldom that 
he will require more than three men on a shift, and, unless the 
station 1s of enormous capacity, more than two men: an operator, 
and an assistant can handle it, but this of course depends on 
the layout of the station. These station men must be clever 
mechanics, as usually skilled help is not quickly obtainable, 
and as it requires so few men to handle a station the system 
can afford to have a high class of operating attendants. 

If the system is not too large it is desirable to have the station 
superintendent in control of the hydraulic superintendent, thus 
ensuring harmony between the departments, which is of vital 
importance. If a development is of such magnitude as to 
require the entire time of a superintendent for each of the 
departments under consideration, it will probably warrant 
some sort of a position for a man to whom both superintendents 
will report, thus still bringing the responsibility for the operation 
of the two departments under one head. The line department 
should have atits head a superintendent capable of building, 
repairing, and operating the lines; for if continuous service is to 
be maintained the various branches of the work are inseparable 
from an executive standpoint. 

The patrolmen, o1 line inspectors, will probably have time 
to make all ordinary repairs, and the number required is deter- 
mined largely by the length of the line, but particularly by 
conditions of accessibility. The line superintendent would 
naturally report to the general operating head of the system. 


SOME OPERATING EXPERIENCES AND REQUIREMENTS 


The first requisite in an operating force is a thorough knowl- 
edge, on the part of each member, of the detail of the work in 
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hand. These operators should be placed so that they can work 
to the greatest advantage to themselves, and hence to the greatest 
benefit of the employer. The adage, '' You cannot fit a round 
peg into a square hole " is one which applies directly to an 
operating organization, for many a force of good and able 
individuals is ineffective simply on account of improper arrange- 
ment. 

The second matter of importance, which is almost as essential 
as the first, is a spirit of good fellowship between all employees. 
This spirit is brought about chiefly by the feeling of individual 
responsibility and loyalty to the company or employer. The 
development of this spirit is in the hands of the chief of the 
operating department. If this feeling of individuality is properly 
developed, so that each member, no matter how low his position, 
feels that he is a spoke in the wheel of the necessary organization, 
wholesome rivalry and interest will be the result, the effect of 
which will be so great that the operating chief can accomplish 
many things in the line of good service, clear records, beneficial 
recommendations, etc., which without this feeling of coóperation 
would be almost impossible. The employee feels, and the 
employer should know, that this or that person is not obliged 
to work for that particular concern; but the employee should 
feel, and be made to understand, that so long as he does work 
for the concern, he does so with a smile. | 

The personal equation of an operating system is one to be 
solved before the final approval of the designs; by this is meant 
how much responsibility is to be placed on automatic operating 
devices. It is possible to work out a system so complete in its 
complication that one or two operators may control every 
detail of a plant. Such a scheme might be very advantageous 
when every part of the plant 1s running smoothly, and acting 
in an entirely normal manner, but unfortunately hydroelectric 
systems, like human systems, do not always run along without 
difficulties. In the good old days there were no automatic 
devices, and men took chances їп operating plants that would 
be considered to-day as quite beyond the limits of good practice. 

It is a safe plan to have a plant so arranged and equipped 
that in times of trouble the master mind may be relieved to 
the extent of having an assistant locate and cut out the dis- 
turbing element. 

Some of the following actual operating experiences of the 
last few seasons, which occurred in the svstem with which the 
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writer is connected, may be of interest. One employee of the 
hydraulic department, shortly after a talk with his foreman 
on the desirability of collecting all tools at the end of the day, 
was found on the canal bank stripped, and about half drowned. 
It turned out that he had dropped into the water an old 35- 
cent lantern, and was diving for it in moving water nearly 20 
ft. deep, and without the slightest indication of success. After 
receiving word from his superior that under the circumstances 
he would be forgiven for losing the lantern, he confided that 
“the old lamp was not good for much anyhow.” 

When changing some switch connections, one of the men, 
having completed his work, found hecould not let goof the wrench 
which] he still had ona nut on one of the high-tension switches. 
The inductive effect from 60 miles of parallel circuit was so 
great that the system had to be momentarily shut down to 
release him. The line knife-switches as above mentioned would 
have prevented this occurrence, which fortunately terminated 
wthout permanent injury. 

‚А lineman working on a part of the system which has iron 
arms strapped together and grounded, happened to touch his 
foot to the private telephone wire while coming down the pole, 
some part of his body evidently touching the ground wire from 
the cross-arms. Both transmission lines above were dead, but 
over twenty miles away the telephone line ran on a pole line 
which was carrying 33,000 volts on its wires,and although the 
telephone line is from 7 to 25 ft. from the transmission wires 
this man's actions and yells indicated as he shouted out, '' This 
dead wire ain't dead," that he was correct. The man's body 
belt saved him from a fall, and after regaining his nerve 
he descended the pole, taking care not to serve as a jumper 
between the ground wire and the telephone circuit. The ground 
wire at this time had not been covered bv moulding, as the 
work was not quite completed. This incident is cited simply 
to indicate the tremendous inductive effects in high-tension 
work. 

Al water wheels should be inspected at regular periods, and 
they should be so designed as to be easily got at and defective 
parts renewed. There seems to be an inclination on the part 
of many station men to neglect the inspection of the interior 
of water wheels, but broken gate-vanes, worn gate-blocks, 
cracked rocker-arms. and loosened governor-rod connections 
are some of the troubles likely to be found, even in a semi- 
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monthly inspection. If the hydraulic cylinder operating the 
water-jacket intake gate is so constructed as to seat tight 
on the floor of its chamber it will stick. Sometimes two hours 
of continuous working of the four-way valve will be required 
to unseat the cylinder and raise the gate. This is a real calamity 
if it happens to occur at the time of an approaching peak of the 
load, when perhaps all units will be needed. 

Wheel design does not cause all operating discomforts, for in 
the fall season of the year it is not an unusual thing to find as 
many as thirty to forty eels in a wheel-cass, all of which, as far 
as can be discovered, have been bracing their backs up against 
the gate to prevent its closing. Many small eels and fish get 
ground up in the wheels, and there is always a period of several 
weeks each year when the stench of dead fish makes the inspec- 
tion of the wheels anything but pleasant. 

Spring brings slush-ice, which is perhaps the greatest of all 
evils, for it stops up the bucket-gate openings. A shutdown is 
the only relief; then the wheel-cases can be opened and the 
snow-ice melted out. The strain on the operator during a 
slush-ice run is greater than during a lightning storm, for 
although lightning effects are furious, there is an end to them, 
while an ice run may last several days, and never for a shorter 
period than several hours. 

Sticks in the wheel-cases are at times causes of great alarm, 
on account of the noise occasioned by their beating against 
the iron water-jacket; but experience seems to indicate that 
the greater the noise the less the danger, for such a stick is too 
large to get between the guide-vanes, and is therefore not especially 
harmful. In all such cases, when the unit can be spared, it 
should be shut down and the wheel-case cleared. 

Duplicate water-feeds for cooling the step-up transformers 
are a comfort to the operator, for even if a screen is placed 
at the intake, material will accumulate and require removal. 
A large feed which can be opened at the lower end and flushed 
out makes a good arrangement if duplicate feeds are unde- 
- sirable. 

A screen at the intake of the feed-mains is essential, and if 
it is placed in a glass section of pipe it is always visible. It 
should be placed so as to be quickly removed for cleaning. 

It is a good feature to have the water discharge pipe from 
each transformer carry a glass section, or be actually broken, 
so that the amount of water being discharged may be seen. 
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When a step-up transformer needs repair it is quite a task 
to get the transformer oil out of and back into the case; this may 
be done quickly by gravity if a suitable receiving tank is pro- 
vided underneath the floor, and a storage tank at some point 
above the transformer. | 

Care should’ be taken to have the water-wheel governor oil- 
pump of sufficient capacity to make the governor act quickly. 
A small pump-plunger will cause sufficient delay in starting up a 
unit to inconvenience the attendant in synchronizing. 

It is well to keep the inside wiring of the private t.lephone 
line which runs on the transmission line well away from all 
other wiring and any metal work. Four feet of separation 
would seem sufficient, but on a number of occasions during 
lightning storms, current crept along a cement wall for four 
feet, thus forming an arc between the private line and the long- 
distance line. Where the long-distance line passed around a 
column. the current jumped through the insulation of the wiring 
to ground; this arc was maintained for quite a period. On 
account of this experience, the private and long-distance tele- 
phone circuits were brought in at different parts of the building, 
and all wiring kept entiely separated. No trouble between 
the circuits has been experienced since. 

The solenoid equipments of the time-limit relays should be 
taken apart and cleaned at least three times a year, otherwise 
thev become gummed with dust in spite of all possible protection, 
and thus their time-limit effect is very much increased. These 
relays should be tested at least once a month to see if they are 
acting in accordance with the indicated overload and time 
limit. 

The oil-switch motors and connecting clutches require con- 
stant cleaning, but when painted or varnished care should be 
taken to confine the coating to its proper location. 

An oil-switch failed to release upon the closing of the circuit 
on its motor, and an investigation proved that one of the at- 
tendants in his zeal to do a complete and sufficient job of painting, 
had painted the end of the solenoid rod; the rod stuck just 
enough so that the magnetic clutch failed to release. The 
result was certainlv undesirable. 

Three times when an oil-switch clutch has failed to release, 
so that the switch opened and closed consecutively several 
times, the voltage dropped from 110 to 65, and notwithstanding 
the fact that all sub-stations were carrying 60-cycle synchronous 
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. machines in the form of synchronous conveiters they were not 
sufficiently thrown out of step to drop out. This seems almost 
incredible when we consider that 10% variation is the desirable 
limit for this type of equipment. 

In operating transmission lines in parallel, reverse-cument 
relays on the receiving end will save many a complete interrup- 
tion. 

Static voltage detectors prove a great help to the operator, 
as they not only indicate that a phase wire is alive but in case 
the wire becomes grounded the disk of the device will stop 
revolving. This little and inexpensive equipment, therefore, 
can be made to serve in a very important and helpful manner. 

The single-phase ammeters on the outgoing lines, when 
their transformers are connected immediately back of the step- 
up transformers, serve as a very positive ground indicator, for 
the operator will notice the amperage increasing on an outside 
grounded phase wire, and sometimes this warning will give him 
sufficient time to get the line in trouble cut out without in any 
way interfering with the service. | 

Line insulators, generally speaking, will stand very severe 
insulation strains, but it is not unusual for an insulator to be- 
come slightly defective, although the full development of the 
defect will cause no trouble until some time later. This fact 
was brought out quite clearly during the last lightning season 
when the number of insulators damaged on the 60 miles of 
transmission line was so small as to cause comment; but in 
September, when the lightning season was practically over, a 
very dense fog enveloped the system for more than 36 hours, 
causing the failure of some six oreight insulators. These insula- 
tors were distributed over the entire length of the system. 

The good will of its neighbors is one of the best assets a trans- 
mission company can have, but it is unfortunate when their 
good intentions are thwarted, as was the case when one of our 
neighbors seeing the top of a wooden line pole on fire brought 
out a large pail of water and his best force pump, and attempted 
to put out the fire. His surprise and humiliation were great 
when he picked himself up from under his front-yard fence on 
the other side of the highway from the pole in question. 
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EXPLANATION. 


The following article is an “ Introduction" to a discussion to 
take place at a special meeting of the INsTITUTE in the 
Auditorium Hotel, Michigan Avenue, Chicago, Ill, Friday, 
May 24, 1907, at 9 a.m. It isnot intended to be a formal or 
complete paper, but to serve merely as a basis or framework 
for discussion on the subject with which it deals. All those 
connected with the Institute and desiring to take part in this 
discussion may do so by being present at the meeting, or if this 
is not possible by sending in a written '' Contribution." 

In contributing to a discussion, whether verbally or in writing, 
it is requested that the matter under discussion be taken up 
under the several subdivisions and in the order made use of in 
the Introduction, and that following the treatment of these 
subdivisions there be introduced any other matter which the 
contributor may deem advisable. When the contributions are 
made by mail on more than one of the topics under consideration 
at the same meeting, it is requested that the several contributions 
be embodied in separate letters. 

Contributions will be read at the meeting for which they are 
intended either in full, in abstract, or as part of a general state- 
ment giving a summary of views of those taking the same posi- 
tion in the matter under discussion. 

It should be borne in mind that the Introduction is written 
in order to provoke discussion, and that there should be no hesi- 
tancy in attacking if it does not agree with the opinions of the 
contributor. On the other hand, if the contributor agrees with 
the matter of the Introductions, either in whole or in part, he 
should state the fact. 

It should also be borne in mind that the principal object of 
this scheme is to enable and encourage those not in a posi- 
tion to attend meetings to take part in a discussion. If one 
does not feel himself qualified to discuss certain parts of an 
Introduction, but is able to discuss other parts, it is to be hoped 
he will contribute to the latter. 

Contributions to the discussion of this paper should be mailed 
to Ralph D. Mershon, Chairman Transmission Committee, 60 
Wall St., New York, N. Y., so that they will be received not 
later than May 20, 1907. 


A paper to be presented at a Special Meeting 
of the American Institute of Electrical Engi- 
neers, Chicago, Iil., May A, 1907. 
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RELATIVE MERITS OF THREE-PHASE AND ONE- 
PHASE TRANSFORMERS 


BY H. W. TOBEY 


During the last few years there has been a gradually increasing 
tendency in this country toward the use of three-phase trans- 
formers on three-phase circuits instead of groups of three, or 
in some cases two, one-phase units. It is the purpose of this 
paper to outline briefly these two systems, and to point out as 
far as possible the important features of both* with their advan- 
tages and limitations. | 

In this country, particularly, there is a strong feeling 
among many engineers in favor of single units. This 
feeling is probably due in part to the feeling that if one trans- 
former in a group gives trouble it can be readily removed and 
replaced by a spare, or if no spare is at hand the load can 
be carried by the remaining two, if delta connected; whereas if 
one phase of a three-phase transformer gives out the entire 
transformer is rendered useless. Where the plant is small, 
this feeling 1s more or less justified on account of the fact that an 
extra three-phase transformer, because of the additional expense, 
would be out of the question, whereas the cost of an extra one- 
phase transformer would not be serious. 

Where the plant is fairly large, the saving in cost introduced 
by installing three-phase units makes possible the providing 
an extra transformer for reserve. Moreover, if no reserve is 
available it is possible, in the case of shell-type transformers at 
least, to take an injured phase out of commission and operate 
the remaming two phases in open delta until the necessary 
repairs can be made. This is done by means of an arrangement 
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recently announced, in which both primary and econdary 
windings of the injured phase are cut out and short circuited on 
themselves. As mentioned, this method applies only to shell- 
type transformers connected delta primary and secondary. 

From the foregoing, it would seem that as far as reliability is 
concerned the two systems are about equal. 

As to initial cost, the three-phase transformer has a distinct 
advantage. Not only is it possible to utilize the iron in the 
magnetic circuit to better advantage, but a saving is also possible 
in thecost of the containing tank, inasmuch as only one is required 
instead of three. All things considered, the cost ofa three- 
phase transformer may be taken as about 85% of that of three 
of the one-phase tvpe—total capacity, frequency, and voltage 
being the same of course in both cases. 

In addition to the initial cost, there is also a saving in material 
and labor incurred in connecting up the transformer for service. 
With the three-phase type, all interconnections between phases 
are made within the containing tank or case, thus leaving but 
three high-tension and an equal number of low-tension terminals 
with which to connect outside lines. For installation, therefore, 
the total amount of cable required 1s less, the connections are 
simpler, and consetjuent danger of error less with the three- 
phase transformer than with several one-phase transformers. 
The expense of isolating compartments 1s also much reduced, 
it being customary in many plants to provide a separate berth 
for each unit. 

While general appearance is not necessarily a controlling 
feature in a transformer building, it is nevertheless to be con- 
sidered, and here again the three-phase transformer with its 
simple connections would look neater and more symmetrical 
than would three one-phase units. | 

Floor space and height are features which in stations of 
limited area require careful consideration. In these regards the 
three-phase transformer has distinct advantages, as a saving of 
at least 3065 can be attained in floor space. and usually its height 
is somewhat less than that of the one-phase unit. 

As regards regulation, neither system can claim an advantage. 
Both regulate equally well on balanced and unbalanced loads, 
whether these are inductive or non-inductive. 

In some plants the question of limited facilities for handling 
would be a deciding factor. Here then the choice would be 
in favor of one-phase units, on account of their decreased weight 
and dimensions. 
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For extremely large three-phase units it is probable that 
some system of forced-oil circulation would be adapted, as by 
this means the large coils and extremely large mass of iron 
necessary to form the magnetic circuit may be cooled without 
difficulty. 

In small transformers suitable for pole suspension the ad- 
vantages of the three-phase transformer are emphasized in 
appearance and reduction in weight. 

In general, the two systems may be summed up as follows: 
where the plant is of small or medium size, the facilities for 
handling limited, and the floor space not an important feature, 
groups of one-phase transformers would, without doubt, be 
adopted. For large plants, however, having ample facilities 
for handling, and particularly where floor space is a question of 
importance, the three-phase type would be most suitable. 
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The following article is an “ Introduction" to a discussion to 
take place at a special meeting of the INsTITUTE in the 
Auditorium Hotel, Michigan Avenue, Chicago, Ill, Friday, 
May 24, 1907, at 9 алп. Itis not intended to be a formal or 
complete paper, but to serve merely as a basis or framework 
for discussion on the subject with which it deals. All those 
connected with the Institute and desiring to take part in this 
discussion may do so by being present at the meeting, or if this 
is not possible by sending in a written '' Contribution." 

In contributing to a discussion, whether verbally or in writing, 
it is requested that the matter under discussion be taken up 
under the several subdivisions and in the order made use of in 
the Introduction, and that following the treatment of these 
subdivisions there be introduced any other matter which the 
contributor may deem advisable. When the contributions are 
made by mail on more than one of the topics under consideration 
at the same meeting, it is requested that the several contributions 
be embodied in separate letters. 

Contributions will be read at the meeting for which they are 
intended either in full, in abstract, or as part of a general state- 
ment giving a summary of views of those taking the same posi- 
tion in the matter under discussion. 

It should be borne in mind that the Introduction is written 
in order to provoke discussion, and that there should be no hesi- 
tancy in attacking if it does not agree with the opinions of the 
contributor. On the other hand, if the contributor agrees with 
the matter of the Introductions, either in whole or in part, he 
should state the fact. 

It should also be borne in mind that the principal object of 
this scheme is to enable and encourage those not in a posi- 
tion to attend meetings to take part in a discussion. If one 
does not feel himself qualified to discuss certain parts of an 
Introduction, but is able to discuss other parts, it is to be hoped 
he wil] contribute to the latter. 

Contributions to the discussion of this paper should be mailed 
to Ralph D. Mershon, Chairman Transmission Committee, 60 
Wall St., New York, N. Y., so that they will be received not 
later than May 20, 1907. 
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RELATIVE ADVANTAGES OF ONE-PHASE AND THREE- 
PHASE TRANSFORMERS 


BY JOHN S. PECK 

In considering the relative advantages of three-phase and 
one-phase transformers it will be assumed at the outset that 
the three-phase transformer is to be compared with a group 
of three one-phase transformers whose aggregate output is the 
same as that of one three-phase transformer; for it will be 
admitted at once that a comparison between one one-phase 
transformer and’ one three-phase transformer of the same 
output would be all in favor of the one-phase transformer. On 
this assumption, the advantages of the three-phase trans- 
former over the one-phase group are as follows: 

1 Lower cost. 

2 Higher efficiency. 

3 Less floor space and less weight. 

4 Simplification in outside wiring. 

5 Reduced transportation charges and reduced cost of instal- 
lation. 
The disadvantages are: 


1 Greater cost of spare units. 

2 Greater derangement of service in the event of breakdown. 

3 Greater cost of repair. 

4 Reduced capacity obtainable in self-cooling units. 

5 Greater difficulties in bringing out taps for a large number 
of voltages. 


The various advantages and disadvantages enumerated above 
will be considered in sequence. 
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ADVANTAGES 

1 Lower Cost—A three-phase transformer should always be 
cheaper to manufacture than three one-phase transformers of 
the same total output; for by combining one-phase units into 
a three-phase unit, there results a considerable saving in active 
material due to the magnetic phase relations. Also there is 
only one containing case, one set of end-frames, one cooling 
system, etc., to. be provided for the three-phase unit. 

The labor is also less, not only on account of there being less 
active material to handle one case, one set of end frames, etc., 
but because the unit as a whole is larger, and there is always less 
labor cost in manufacturing one large unit than there is in manu- 
facturing several smaller units for the same total output. 

2 Higher Efficiency—Since there is less active material in the 
three-phase transformer than in the one-phase group, the loss 
at the same densities will be less, and therefore the efficiencies 
higher, consequently the total radiating surface required may be 
less. 

3 Less Floor Space and Less Weight—This follows from a 
consideration of 1 and 2. 

4 Simplification in Outside Wiring—The star or delta connect- 
tions of a three-phase transformer are simply and easily made 
inside the case, for as a rule only three high-tension and three 
loW-tension leads are brought out; whereas with three one-phase 
transformers at least six high-tension and six low-tension leads 
are brought out and the transformers interconnected by suit- 
able wiring. 

5 Reduced Transportation Charges and Reduced Cost of Instal- 
latton—The lighter weight and less bulk of the three-phase 
transformer will, in general, result in reduced transportation 
charges especially where shipment is made by water. This ad- 
vantage is open to question, however, when there are long 
wagon hauls over mountain roads, with poor facilities for hand- 
ling heavy machinery. In this case it may be cheaper to trans- 
port a greater weight and bulk in small units; but in general the 
transportation charges should be considerably in favor of the 
three-phase transformer. 

It should also be noted that 1n many foreign countries duties 
are charged according to the weight of material, but whether 
duties are charged according to weight or price, the advantages 
are with the three phase transformer. 

In general, it will be cheaper to install one large unit than 
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three small ones. This is particularly true where the trans- 
former must be dried out on site by heating or by vacuum pro- 
cess. 

DISADVANTAGES 

1 Greater Cost of Spare Unit—It is obvious that any three- 
phase unit having three times the capacity of a one-phase unit 
will cost considerably more. This may be of some importance 
where there is but one three-phase unit, but it will be found that 
in many cases the cost of two three-phase transformers with 
a total capacity of 20095 will be but little more than that of 
four one-phase transformers having a total output of 188%. 
Where there are several similar three-phase units it will be found 
that the reduced first cost of adopting three-phase units will 
more than pay the difference in cost between the three- 
phase and the one-phase spare unit. In addition, there is the 
advantage that the three-phase spare unit will have three times 
the capacity of the one-phase spare unit. 

It should be noted, however, that with a three-phase or one- 
phase core-type transformer, there is much less need of carry- 
ing a complete spare unit than with the shell-type one-phase 
or three-phase transformer. This is on account of the very 
simple coustruction of the core-type transformer, and the ease 
with which it may be repaired. The top-yoke is built up in 
one solid piece and bolted down with butt joints to the three 
vertical cores. Thus it is necessary in case of repairs to loosen 
only a few nuts, remove the top yoke, slide off the damaged coils, 
and replace them with new ones; bolt down the yoke and 
replace the transformer in position. Should the lamination be 
welded together, it might be necessary to do considerable filing; 
but in general there is less chance of burning the laminations 
than with the shell type of construction. With a supply of 
spare coils, any ordinary burn-out should be repaired in a very 
few hours. On the Continent it is quite customary to use 
core-type three-phase transformers with only coils as spares 
even for very important work; for it has been found in actual 
practice that repairs can be made in but little more time than, 
is required to replace one transformer by another. 

With the present standard shell-type of construction, a much 
longer time is required for repairs on account of the fact that 
the Jaminations must be removed and replaced a few at a time. 
The repair of a three-phase shell-type transformer is so serious 
an undertaking that it would probably seldom be attempted on 
site but would be returned to the manufacturer. 
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2 Greater Derangement of Service іп the Event of Breakdown— 

When three one-phase transformers are connected in delta 
on both high- and low-tension windings, one of the three may 
fail and be cut out, and the remaining ones will continue to 
carry about two-thirds the total load without overheating. 
With the star connnection on either winding, this cannot be done. 
A three-phase core-type transformer cannot be operated with 
a short-circuit on any phase. The three-phase shell-type trans- 
former may be operated, however, with a short-circuit on one- 
phase provided both windings are in delta; but while this may 
be used as a temporary expedient for carrying partial loads, 
the whole transformer must be removed eventually for repairs. 

In any event, whether core- or shell-type transformers 
are used, there will be probably a somewhat greater delay in 
substituting a three-phase spare unit than in substituting a 
one-phase spare unit. 

3 Greater Cost of Repair—With three one-phase units it is 
probable that in the event of breakdown in one, it will be cut 
out before the others are damaged. With a three-phase unit, 
where the phases areso near together, there is the'possibility that 
a breakdown in one-phase may damage one or both of the others. 
In such event, there are two or three phases instead of one to 
repair; but in any event the repair of a three-phase transformer 
will be in general more expensive than a one-phase transformer 
of the same type. 

4 Reduced Capacity Obtainable in Self-Cooling Three-Phase 
Units—In some cases itis highly desirable to use only self-cooling 
transformers. 1500 kw. is approximately the maximum size 
of three-phase transformer that with present methods of con- 
struction, can be made self-cooling. А group of three one-phase 
self-cooling transformers can be built with an output of two or 
three times this amount. Thus, if an output greater than 1500 
kw. is required, it will be necessary to use two three-phase 
transformers, a more expensive arrangement than three single- 
phase transformers. Itis very seldom, however, that an out-put 
greater than 1500 kw. is required from a self-cooling transformer. 
When artificial cooling is permissible, the three-phase transformer 
may be built for any desired capacity. 

5 Greater Difficulties in Bringing out Taps for a Large Number 
of Voltages—The increased difficulty in arranging the three-phase 
transformer for a large number of different voltages might in 
some cases prevent its use, but such cases will be of very rare 
occurrence, and need scarcely be considered. 
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To sum up, it may be said that the three-phase transformer has 
certain real and positive advantages over the one-phase type, 
while its disadvantages are chiefly those which result іп the event 
of breakdown—an abnormal condition which occurs at rarer 
and rarer intervals as the art of transformer design and manu- 
facture improves. It is the writer’s belief that, as on the 
Continent, the three-phase transformer has already superseded 
the one-phase in most cases, so in America and Great Britain 
the use of the three-phase transformer will show a very rapid 
increase within the next few years. 

It 1s also the writer's opinion that a three-phase core-type 
transformer having as good or better performance than the 
shell type can be built for less money. This, together with the 
fact that the core type can be repaired so readily, makes it more 
desirable than the shell type. 

In the above discussion, the three-phase transformer has been 
compared with three one-phase transformers, but it is 
possible to use two one-phase transformers with the V or T ` 
connection for three-phase working; and by placing the two in 
the same case, a considerable saving in cost over three separate 
transformers may be effected. On account of the phase re- 
lations of the currents, however, the capacity of each transformer 
must be 15% greater than half the capacity of the three-phase 
transformer, with a corresponding increase in cost and losses. 

There is another serious objection to this arrangement, for 
on account of the out-of-phase relation of voltage and current 
the voltage across the three phases will not remain іп balance 
as the load comes on. 

It is also open to very serious doubt whether this transformer 
can be built as cheaply as can the three-phase core type. The 
writer does not believe that this type will ever come into very 
general use. 
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FORCED-OIL AND FORCED-WATER CIRCULATION FOR 
COOLING OIL-INSULATED TRANSFORMERS 


BY C. C. CHESNEY 


With the increased demand for large individual trans- 
formers, and for installations of large aggregate capacity, the 
relative merits of forced-oil and forced-watei ciiculation for 
the cooling of oil-insulated transformers have been recently 
receiving the special attention of transformer designers. 

The method of cooling transformers by means of forced- 
water circulation has been in use a number of years, and 1s too 
well known to require any more than a very general description. 
The essential feature is a cooling coil of pipe composed of a number 
of turns of iron, brass, or copper pipe placed in the oil in the 
upper part of the containing tank, and generally above and 
around the ends of the transformer windings. Through this 
coil is circulated the necessary cooling water, the heat being 
transferred from the winding. and core to the pipe-coils by the 
natural circulation of the oil from the heated parts of the trans- 
former to the cooler pipe-coil. 

The more recent methods of cooling transformers by 
forced-oil circulation does away entirely with any internal 
cooling coils, but makes necessary external auxiliary cooling 
apparatus. The lower part of the windings of the transforme, 
is enclosed in a metal box containing suitable directing platesr 
and this box is connected to the oil inlet by a vertical pipe 
raised to the top of the tank and passing through the cover. 
The outlet pipe has its opening somewhat above the top of the 
windings, thereby insuring a safe oil level. Oil under a slight 
pressure is introduced through the inlet pipe, and in passing 
through the transformer the oil is brought into intimate contact 
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with the various windings and laminations by means of ducts 
and directing plates. After leaving the transformer, the oil 
flows through an external cooling system containing a surface 
condenser and strainer, and an oil pump, the latter providing 
the pressure needed to keep the oil moving at a' proper rate 
through the entire system. An additional pump is provided 
to circulate water through the condenser. Sufficient water is 
usually circulated through the condenser to give a 10? cent. rise 
to the water temperature, and the rate of oil-flow is usually 
adjusted to approximately twice that of the water. The 
organization of the entire cooling system is shown in Fig. 1. 

To offset the additional cost which this auxiliary cooling 
apparatus represents, there is a less first cost of the transformer 
proper, due to the markedly more efficient cooling which the 
positive circulation of the oil insures, and to the prevention of any 
local heating, in pockets, etc. The density in both copper and 
iron can be increased for the same temperature rise, which 
means less material used in the design of the transformer. In 
addition, since there is no cooling coil, the tank can be reduced 
in height, and less oil will be needed to fill it. 

The total saving in the transformer proper will vary 
from 15 to 25%, depending upon the size of the transformer. 
The reduced height of the transformer is, however, particularly 
welcomed on the score of shipment. With forced-water circula- 
tion the designer is handicapped, in the larger sizes, by being 
limited to a height of approximately 11 feet; this being the 
maximum height that can be safely shipped on any of the Ameri- 
can railroads. By the use of forced-oil apparatus, however, 
the capacity of the transformer which can be shipped completely 
assembled is *"materially increased. On the other hand, as 
against the gain in head-room the total floor space required will 
be greater, on account of the additional floor space required for 
the auxiliary cooling apparatus. | 

If a comparison of the total cost of the transformers 
installed is taken, the balance in favor of the forced-oil system 
appears for the large installations of 4000 to 5000 kw. when 
composed of individual transformer units of not less than 1200 
to 1500 kw. While forced-oil circulation is undoubtedly out 
of the qestion for smaller plants and smaller units, it merits for 
the large power plants the most careful consideration of any 
engineer. 
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The following article is an '' Introduction ” to a discussion to 
take place at a special meeting of the INsTITUTE in the 
Auditorium Hotel, Michigan Avenue, Chicago, Ill, Friday, 
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ENCLOSED STATION WIRING 


BY F. 0. BLACKWELL 


In the design of a power station, the wiring is often given 
but scant consideration, and is fitted into such spaces as may 


Fic. 1 


be left over and not available for other purposes. In reality, 

a safe system of station wiring is as important as reliable ma- 

chinery and should be given thorough consideration in making 

the plans of the building. Power houses have frequently been 

shut down by animals getting across the conductors and by 
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materials accidentally coming in contact with them. Men 
working about a building may be killed or injured seriously 
by exposed electrical connections. Once started, it is impos- 
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sible to say how much damage an arc will do with open 
wiring. In every case the service is likely to be interrupted. 
In the power house of a few years ago, when the amount of 
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power was relatively small, a short-circuit was not a serious 
matter; but to-day, with 50,000 or 100,000 h.p. concentrated 
in one plant, a much higher standard of station wiring is called 


for. 


Fic. 3 


With a large amount of power the destructive ability of an 
arc is enormously increased, and the use of high potentials 
has made it possible for arcs, once started, to jump almost 
any distance if not confined. 
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The direct loss of income is large, but this is nothing to the 
indirect loss due to the depreciation in the selling value of the 
power output, caused by loss of public confidence in the reli- 
ability of the service. 

The attached photographs will give some idea of high-poten- 
tial arcs, although none of them has any great amount of power 
back of it, or is of as high potential as 1s now generally used. 

Figs. 1 and 2 show arcs on a 40,000-volt 2,000-kw. system 
which, in a light breeze, jumped some 40 ft. 


Fig. 3 illustrates a 30,000-volt air-switch opening with no 
load except the charging current of the line. 

The metal vapor from an arc, even after the current has 
been interrupted, will often short-circuit conductors at a dis- 
tance from the point where the arc started. Wires of high-po- 
tential circuits which are as far apart as it is possible to have 
them inside of a building, may be affected by arcs between low- 
potential conductors beneath them. 

Lightning striking in the neighborhood of a transmission line 
has been known to cause a short-circuit after the discharge was 
over, due to the path of hot gas floating across the wires. 
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In order to prevent the occurrence of short-circuits, and to 
localize the damage should an arc start from any cause, the 
following elementary principles should be observed: 

1. The system of connection should be as simple as will 
give the necessary control over the station. 
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2. The conductors showld follow the shortest and most 
direct line from generator to transmission line. 

3. Each conductor should be surrounded and separated from 
every other by a continuous fire-proof barrier. 

4. The circuits should be as far apart as possible. 
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Enclosed wiring has already become the accepted practice 
in important low-tension plants of from 2,000 to 15,000 volts, 
but is not used as generally for higher potential where the 
writer believes it is much more important. 

Low-potential insulated cables, drawn through ducts or en- 
closed by split-tile or pipe coverings, are safe provided care 
is used to cover the cable joints at the manholes, as a cable- 
joint is a frequent source of trouble. | 

А single-cable tunnel, or duct system with common man- 
holes through which all th. cables in a plant run the length of a 
building is often employed, in which, if anything goes wrong 
with one cable, the entire power house is disabled. Accidents 
of this kind might be avoided by keeping the cables from each 
unit in a conduit at a distance from other circuits, and laying 
out the wiring so that each generator can be operated as if it 
were in a separate power station. 

Where bare conductors are used on account of many con- 
nections, or where the potential is too high for insulated cables, 
the wires should be enclosed by substantial walls or barriers 
of brick, concrete, tile, or stone with only such openings as are 
necessary to get at insulators or connections. Covers should 
be provided for all openings. 

A good example of enclosed wiring for 13,000 and 60,000 volts 
is shown in Figs. 4and 5. These photographs are from the To- 
ronto and Niagara Power Company's transformer house at 
Toronto. 
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POTENTIAL STRESSES AS AFFECTED BY OVERHEAD 
GROUNDED CONDUCTORS. 


BY R. P. JACKSON. 


This paper is a theoretical investigation of the potential 
gradients and the equipotential surfaces about grounded con- 
ductors suspended in the air, and also about metallic towers for 
supporting transmission lines. It is obvious that equipotential 
surfaces surround all conducting material subject to static 
strain, but the position of these surfaces and the gradient of 
change at different points are usually difficult to determine. 

An example is furnished in the overhead grounded wire some- 
times used as a protection for a transmission line against lightning, 
Such a wire placed above a transmission line serves two purposes: 
first, it interposes a grounded conductor between the sky and 
the transmission line, and tends to relieve the line from direct 
strokes (the effectiveness of the grounded wire for this purpose 
will probably depend largely on its size and the frequency with 
which it is grounded) ; secondly, a much more frequent condition, 
however, is the stress due to induced potential between the 
transmission wire and ground. If we make an assumption 
which seems reasonable that there is a potential stress between 
a cloud and the ground, and that the distribution of this stress 
is nearly uniform, at least in the vicinity of the earth's surface; 
that is, that the potential due to the cloud is proportional to 
the height above the ground, and the potential gradient is, 
therefore, approximately a straight line near the ground, it is 
possible to determine in what way this gradient will be altered 
by the presence of a grounded conductor some distance above 
the earth. 

The potential at a point near àn indefinitely long cvlinder 
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remote from other conductors is proportional to the logarithm 
of its distance from the center of the cylinder. If the potential 
at the point also tends to be proportional to its distance above. 
the ground, its resultant potential will be the algebraic sum of 
the two. Obviously, the surface of the ground is itself an 
equipotential surface; for if it were not, current would flow 
from the points of high to those of low potential, and it would 
immediately become an equipotential surface. This fact, that 
the earth is conducting, cannot be represented mathematically, 
so it is necessary to assume an image of a charged object the 
same distance below the earth's surface as the real object is 
above, and that its charge is always of opposite sign. The 
. surface of the earth then becomes of uniform potential with- 
out assuming that it is conducting. The equation for poten- 
tial of a point near a grounded wire then becomes 


C H-K log $ = (1) 


where H is the distance of the point above the ground, 
C and К are constants, and R and r are distances of the 
point from the image and the wire respectively. P.is then 
the potential of the point taken. By taking the point on the 
surface of the grounded conductor, H, R, r, and P become 
known. The constant, С, 15 determined by the assumed gradient, 
so the constant K may then be determined, and if logarithms to 
the base 10 are used, will include the proper modulus. 

In Fig.1 a 0.5-in. wire 50 ft. above the ground hasbeenassumed. 
The gradient is taken at two per foot, so that if the wire were 
not there the potential at the point where it has been assumed 
would be 100. This is convenient so that values deduced 
may also be used as per cent. ratios. The equation becomes 
approximately 

2 H-30 log z = P (2). 
All the curves of Fig. 1 are calculated from this equation. 

It may be seen that at no point directly beneath the grounded 
conductor is the potential greater than 52. Curve G becomes 
the gradient instead of N. The meaning of this is that a trans- 
mission wire placed, say 5 ft. below the grounded wire, would, 
when there was a charged cloud overhead, have a potential of 
about 55% of that which would exist if there were no grounded 
wire tending to cause a charge to leak from ground to the 
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transmission line. Again, after the cloud has discharged there 
would be only 55% as great a potential on the wire, and con- 
sequently only 55% as great a charge to escape suddenly to 
ground. In other words, the curves do not indicate that 
complete protection is obtainable from a single wire, but that 
under certain conditions a material reduction of static stress 
wil occur. The amount of this reduction is dependent on the 
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relative positions of the transmission line and the grounded 
conductor. 

The equation given for a single conductor may easily be 
elaborated to cover any number of conductors of various sizes, 
distances apart, and height above ground. By taking the point 
for which the potential is determined by equation (2) on the 
different wires in succession, as many equations will be ob- 
tained as there are constants, so all may be determined. 
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The equation for two wires, 10 ft. apart, 50 ft. high, and 0.5 in. 


in diameter, becomes 
RR 


2 H-23 log — = Р. 
rr 
Fig. 2 shows the corresponding curves. It will, of course, be true 
that the protected area is considerably larger. Fig. 3 shows the 
assumed gradient, a straight line reaching a value of 100 at a 
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height of 50 ft.. and also shows the gradients on a medial, plane 
for one 0.5-in. wire, 50 ft. high, two 0.5-in. wires, 10 ft. apart, 
and 50 ft. high, and the same plus another wire between them 
and 5 ft. higher. Curve 1 being for one wire, Curve 2 for two 
wires, and Curve 3 for the three wires, respectively. If a number 
of wires were arranged either in a horizontal plane or cylindrically 
with the concave side towards the earth, there would be a large 
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area of low potential covered which would probably be a 
comparatively safe location for a transmission line. 

The above deductions are based on the assumption that the 
transmission wires are completely insulated, both from the 
ground and from the other parts of the circuit not affected by 
the cloud potential. Insulated uncharged conductors of small 
dimensions in the direction of the static stress have no ap- 
preciable effect on the static field about them. The above is a 
condition, however, that would be practically impossible on a 
real transmission line, since it is reasonably certain that either 
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the insulators will leak sufficiently soon to supply the small 
charge necessary to relieve the potential stress, or such charges 
will be supplied through a grounded neutral, if there be one, or 
by the capacity of the remainder of the circuit not affected by 
the cloud potential. In any case the gradually developed 
stress due to the cloud will be relieved by charges appearing on 
the transmission wires, but when the cloud suddenly discharges 
by a lightning flash the charges on the line wires escape suddenly 
either lengthwise on the wires and into power stations, or over 
insulators at the points where the stress is greatest. 
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By the fundamental principle of the conservation of energy, 
the potential stress which will cause a charge to appear on a wire 
will be reproduced in the opposite direction by that charge, if 
the original stress be removed. This also holds good when a 
grounded wire is placed above a transmission line, so although 
curves of Figs. 1, 2, and 3 are calculated on the basis of per- 
fectly insulated line wires, they hold equallv good for an actual 
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transmission line where charges could readily find their way 
to the parts of the line under stress by the paths previously 
mentioned. This can be proved mathematically, independently 
of the principle of conservation of energy referred to above. 

If the line were so insulated that only a partial charge could 
leak to the transmission wires, the primary stresses would be 
reduced somewhat, but the grounded wire would still have the 
same beneficial effect. 
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It is obvious that to get the full benefit of the grounded 
conductors, they should be thoroughly and frequently connected 
to the ground, as their effectiveness consists in releasing their 
own charge at the moment of a lightning flash, and immediately 
receiving another of opposite sign from the ground. This 
latter charge is then of opposite sign to that which still remains 
on the transmission wires, and serves to reduce the potential of 
these wires. 
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It will be noted in Figs. 1 and 2, that the lines representing 
the equipotential surfaces are closely crowded together on the 
upper side of the grounded wire. This characteristic is much 
more marked in the case of a tower or spire projecting toward 
the sky. The potential of a point near such an object is much 
more difficult to calculate, so in Fig. 4, a l-in. conducting 
vertical cylinder 50 ft. high was assumed, and the equipotential 
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surfaces calculated. Curve C shows approximately the propor- 
tional charge at different points along the cylinder. Curve G 
shows the potential gradient from the top of the cylinder. It 
is seen that the charge density becomes relatively very great 
at the top of the pole or cylinder, and that the change of po- 
tential is very rapid for the first two or three feet above the top 
of the cylinder. This is a condition tending to produce leakage 


into the atmosphere, or corona effect, such as the St. Elmo's 
light seen at times on mastheads of vessels. 

Apparently, if an insulator were placed on the top of this 
cylinder, and a high-potential conductor were carried by this 
insulator, there might develop a conducting state in the at- 
mosphere about this insulator that would cause it to flash over. 
especially if there were any sudden rise of potential on the 
conductor carried by the insulator. Fig. 5 shows one view of a 
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metal tower under this condition, and Fig. 6 another view. 

Fig. 7 shows the natural suggestion for relief. If the tower 
structure were carried higher, and the insulators and trans- 
mission wires suspended downwards, the desired result would 
be obtained without the additional shielding device shown in 
Fig. 7. 

All the discussion given in this paper is, of course, pure 
theory, and if there were never any insulators broken, or other 
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trouble from lightning strains, it would have no practical 
value. Insulators are broken, however, especially those carried 
on metallic towers. So, while the information given in the 
curves does not indicate to any degree how much trouble can be 
eliminated by the devices discussed, there seem to be sug- 
gestions as to the most effective arrangement of such devices. 
If line insulators are subjected to frequent stresses of a value 
five times that which they will stand, a reduction of 5095 would 
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not avail much. If, however, the average of normal stresses to 
which they are subject are only 150% of the breakdown value, а 
reduction of one-half in these stresses may eliminate a very 
large amount of trouble. | 

The general conclusions are as follows: | 

1. Properly placed and grounded conductors above а trans- 
mission line ought materially to reduce the electrostatic stresses 
to which the insulators will be subjected. 

2. An insulator interposed between a high metallic structure 
and the sky, without a grounded conductor above the insulator 
to act as a shield, is exceptionally liable to breakdown. 


A paper presented at the 218th Meeting 
of the American Institute of Electrical Engs- 
neers, New. York., April 26, 1907. 


Copyright 1907. By A.I. E. E. 
(Subject to final reviston for the Transactsons.) 


THE TELEPHONE WIRE PLANT 


BY SERGIUS P. GRACE 


Telephone engineering has been looked upon by many engi- 
neers as principally a switchboard problem. The switch- 
board problem was undoubtedly deserving of the great amount 
of attention given to it by telephone engineers, and the 
results are everywhere evident to-day in the perfect working 
mechanisms of the modern, central battery switchboard. An 
analysis of the construction costs of the telephone plant will, 
however, show that from two-thirds to three-fourths of the 
total expenditure 1s required for the outside plant; that is, for 
conduits; poles, cables, and wire. Because of the very large 
proportional expenditures for the outside plant, 1t becomes 
evident that the systems of line distribution should be most 
carefully studied in order that the best service may be given at 
the lowest cost. 

In considering a telephone plant for a community, the first 
thing to be done 1s to decide upon a proper development plan 
for the growth of the business for a reasonable number of years. 
In view of the rapid advances in the telephone art and the 
possibilities of the introduction of new systems of transportation 
and communication, it would seem that fifteen to twenty years 
is as far ahead as we are justified in planning telephone develop- 
ment. If the plant is to care for service offered during this 
period, it must be originally so laid out and designed that the 
additional subscribers can be taken on without the redesign 
and reconstruction of the plant. From time to time the 
development plan can be revised so as always to keep it 
from fifteen to twenty years ahead of the plant. In laying 

405 
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out a telephone development plan for a city, there are many 
things to be considered. The growth in population for 
the last ten years must be carefully considered; from all 
possible sources of information a prediction should be made 
of the population for the next ten to twenty years. It next 
becomes necessary to determine upon the percentage of de- 
velopment which may reasonably be expected; that is, the 
ratio of telephones in use to the population. This will vary 
considerably with the prosperity of the community and whether 
there are large manufacturing districts employing low grades 
of labor. It seems certain that this development in the ul- 
timate will lie between 15 and 30 per cent. of the total popu- 
lation. А careful -estimate must also be made of the ratio 
of line tos stations. Thus if a very high party-line development is 
expected, the ratio of lines to stations will below. To-day the tele- 
phone line really means more to us from the wire plant standpoint 
than the number of telephones. Formerly we used to con- 
sider the number of telephones as affecting the wire plant; 
now it is the number of lines. Because of the introduction of 
private branch exchanges two or three trunk lines may care for 
fifteen or twenty telephones, or there may be a number of 
telephones on one line, so it is the line in which we are interested. 

After having looked over the city in a general way and ob- 
tained the best available data regarding the industries and 
the growth of the population in various parts of the city, 
the next thing to do is to resort to a detailed count of 
all the buildings, and block by block make ап estimate 
of the number of telephones expected at the end of various 
periods during the next twenty years. In addition to the count 
of the present buildings, an estimate should be made of the prob- 
able ultimate number of the various classes of structures in each 
built up block of the exchange area. In providing for the 
number of lines to be installed at once, which at the same 
time should provide for two or three years’ growth, the present 
number of lines in each block should be determined and to 
this number about one-third more lines should be added. This 
will vary in different cities and must be the subject of a special 
study in each case. 

After having made a study of each block in the exchange 
area and determined the probable number of lines and 
stations at the end of each five year period during the 
next twenty years, the entire number of lines and stations as 
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shown by the block map should be summed up and carefully 
compared with the ultimate figures deduced from the general 
development plan which is based upon the character of the city 
and the probable growth in population. If the estimates ar- 
rived at by the general development scheme and the detailed 
block scheme do not compare favorably, both estimates should 
be gone into again most carefully to determine the possible 
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Fic. 1—Development plan Present ultimate number and classes of 
houses in each block 


errors. In Fig. 1 is shown a section of a city of about 40,000 
inhabitants. On this map are marked the numbers of the 
various classes of houses. At the left of the block in circles 
ате shown present number and at right are shown ultimate num- 
ber of houses. In Fig. 2 are shown the number in five years 
and ultimate number of lines in each block. 

When the number of telephones in each block for the twenty- 
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year study has been decided upon, it remains to determine the 
most economical grouping of these telephone lines into ex- 
changes. In small cities where the number of telephone lines 
in the ultimate will not exceed 8,000 to 10,000, it is reasonably 
certain to assume that one exchange will prove the most econom- 
ical. If the district is very much scattered or very much 
elongated this is not true, and the proper number of exchanges 
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Fic. 2—Development plan Number of lines in five years and "ultimate 
number of lines in each block. 


should be determined in a manner to be described later. If 
one exchange is decided upon, a location for this exchange 
must be determined which will make the subscribers' line wire 
mileage a minimum. The determination of this center with 
extreme precision is a problem for the calculus. The most 
simple case is when the streets are all rectangular, in which case 
the mathematical centre of distribution is found by drawing 
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lines at right angles through the exchange area, so that the 
number of telephones in the ultimate on each side of the lines is 
the same. If the present centre is a considerable distance 
from the ultimate centre, a mean centre between the two should 
be decided upon. . 

When the centre is determined, a complete conduit system 
should belaid out, touching at least one side of every block in the 
exchange area. It will never be necessary to construct all this 
conduit at once, and perhaps even in the ultimate much of it 
will not be installed, but if a definite plan is prepared the conduit 
extensions from time to time will be of correct dimensions 
and in the right direction. This conduit must, of course, 
feed to the exchange center by the most direct routes possible, 
and the lines should be concentrated in the smallest number 
of subways which will not affect the efficiency of the distributing 
system. Since it is known from the development plans the 
number of lines in each block at the present and the ultimate 
periods, a skeleton feeder plan carrying these pairs back to the 
exchange centre can readily be prepared, and from this it is 
easy to determine the number of ducts and sizes of manholes 
in the various parts of the subway. In Fig. 3 is shown a typical 
conduit plan. In general, the terminal cables feeding into the 
block should be of the ultimate size, while the feeder cables back 
to the exchange center should be so proportioned as to care for 
the growth in business for from two to five years. Fig. 4 shows a 
cable plan for a five-year growth. ,In the districts where conduit 
is not constructed, pole lines may be used for distribution and 
feeder purposes. 

In the case of a large city where it is evident that a number 
of offices will be required to furnish the service, it is a very com- 
plex and complicated problem to determine how many exchange 
districts there should be. The cheapest number of districts will 
vary as follows: 

1. With the grade of talking transmission. 

2. With the subscribers mileage— varies directly as the 
number of offices. 

3. With the A and B position equipment—varies directly 
as the number of switchboards. 

4. With the multiple jacks—varies inversely as the num- 
ber of switchboards. 

5. With the rent—varies directly as the number of offices. 

6. With the office constant—varies directly as the number 
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of offices. This office constant takes care of the equipment 
which is common to all offices, such as the charging dynamos, 
storage-batteries and power boards. 

7. With the central-office labor—varies directly as the 
number of offices. 

8. With the trunk mileage—varies directly as the number of 


offices; also on number of calls per line and per cent. of trunk- 
ing. 
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Fic. 3—Development plan. Typical underground conduit layout 


Good telephone service is fundamentally based upon good 
talking efficiency. The means for transmitting the talk is what 
the telephone company really furnishes to the subscriber. 
In very large city districts, because of the distances between 
the central offices, the cost per message is materially in- 
creased on account of the high-grade trunk plant required to 
give the subscribers good transmission. The central bat- 
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tery system of subscribers lines has proved very efficient 
and economical from service and maintenance standpoints, 
There is, however, a considerable loss introduced into each 
line by the ohmic resistance which operates to cut down the 
flow of current through the transmitter. In addition, then, 
to the attenuation loss present in all cases we have added to 
this in the transmitting loop a loss due to the reduction of the 
current through the transmitter. 
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Fic. 4—Development plan. Cable plan for five years' growth 


In designing the subscribers lines, 22-gauge cable should be 
used as much as possible. In the case of a large city with a 
number of central offices there 1s a limiting resistance for the 
subscribers' lines which can not be exceeded without making 
the trunking plant very expensive. This limiting resistance 
of the subsciibers’ line will vary in different cities because of the 
varying distances between central offices which affects the 
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trunk line mileage. In general the subscribers' and trunk line 
plant must be so designed that, while there will always be 
good talking transmission between the subscribers, the annual 
charges on both the subscribers’ and trunk line plant will be a 
minimum. 

To lay out a city in the correct number of districts all the 
items above mentioned must be given careful considera- 
tion. From past experience it is generally possible to predict 
approximately the number of districts which will be found 
most economical. A number of districts above and below this 
value should be decided upon, and the costs andannualcharges for 
each of these three groupings should be carefully calculated. The 
first cost and annual charges of all the variables given on preced- 
ing pages must be known in order to make these comparisons. 
Our past experience indicates that the following is about 
the best theoretical number of districts for cities of various 
sizes. 


Offices 
For an ultimate of 10,000 lines or 1е55................... 1 
For 10,000 to 15,000 іпеѕ............................. 2—4 
For 15,000 to 25,000 їїпєе$............................. 5-8 
For 25,000 to 35,000 Їїїпе$............................. 6-10 
For 35,000 to 50,000 іпеѕ............................. 8-12 
For 50,000 to 100,000 Їїпєе$............................ 10-16 


After the number of offices has been decided upon, and the 
conduit study following the general development plan is made, 
it yet remains to construct the outside plant so as efficiently 
and economically to connect the subscribers by means of the wire 
plant to the central offices. Conduits should be built in the 
congested districts and along what may be considered as main 
feeder routes. In general it is economical to construct at once a 
conduit if 400 to 800 pairs of wires are expected within five years. 
In the vicinity of the underground conduit system every effort 
should be made to connect the subscribers without resorting 
to aerial construction. Where the buildings are large and 
permanent and an average of ten telephones per building may 
be expected, the best method of construction is a cable directly 
into each building from the nearest manhole in the main conduit 
system. In the case of large office buildings one or more build- 
ing cables should be run vertically in the wire or pipe shafts 
and terminal boxes provided at each floor, to which can be 
connected the individual wires for each telephone. The scheme 
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Fic. 5—Standard cable terminal 


Digitized by Google 
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for distributing these individual wires most to be preferred is 
the hall molding scheme. These hall molding troughs should 
connect to the terminal box on each floor so that the wires to 
each telephone may be run from time to time as needed. This 
system is cheaper to install and easier to maintain than the 
conduit system following electric light practice. In many 
cities there are large area ways under the sidewalks, and a cable 
run through these area ways from one building to another 
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Fic. 6—Details of standard cable terminal 


and provided with a tapping terminal on each property makes 
a very good form of distribution. 

Where the blocks in the vicinity of underground conduit are 
well built up, but where none of the buildings is large enough 
or important enough to warrant direct connection. the interior 
block system may be used to great advantage. In this system 
one or more underground laterals from the main subway system 
are run into the interior of the block and terminated on the 
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METHOD OF WIRING 14 TERMINALS 
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Fic. 7— Wiring diagram of cable terminal 
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rear walls of the most substantial buildings. Around the 
interior walls at a height preferably not over ten feet from the 
ground are cleated lead-covered dry-core cables. At intervals 
of 100 to 200 feet a multiple tap is taken to terminal boxes. 
From these terminal boxes No. 18 B. & S. gauge rubber- 
covered and braided-bridling wire is carried through bridling 
rings spaced about four feet apart to the various entrances to the 
subscribers’ premises. This distributing cable is of course 
connected to an underground cable from the main subway. 
In case the number of telephones within the block is small, a 
terminal box at the end of the underground cable may be suffi- 
cient, and nothing but bridling wires through rings used for 
distribution purposes. Since no protection is needed between 
the distributing lines and the underground cable, a very neat 
form of terminal box may be used. The type of box which 
is being largely used for this service at the present time is 
shown in Figs. No. 5, 6, and 7. In this box the wire ter- 
minals are mounted on hard-burned porcelain. А five-foot 
length of dry-core lead-covered cable is connected to the 
terminals on the porcelain blocks, after which the blocks are 
firmly seated on a gasket of wicking saturated in compound. 
The cast iron retaining case is then filled with compound, the 
cable wiped to a brass nipple, and an air-tight plug inserted in 
the top. This hermetically seals the terminal. On account 
of the durable nature of the materials employed in the con- 
struction of this terminal; namely, porcelain, cast iron and 
brass, the depreciation and maintenance should be very low. 

. In Figs. 8, 9, 10, 11 are shown examples of interior 
block distribution. This type of construction is so incon- 
spicuous as to be rarely objectionable, and in consequence its use 
should be adopted wherever possible. In certain districts in 
the neighborhood of underground subways, the buildings may 
be very old or may be very widely scattered. Іп these cases ап 
interior block system could not be installed to advantage, and 
a low ring-top distributing pole should be used pending the 
time the block will be sufficiently built up to permit of direct 
connection or interior block wiring. Figs. 12 and 13 show ex- 
amples of this type of construction. Distributing poles are 
useful for furnishing connection between the underground 
system and the subscribers’ premises during a period when 
direct connection or interior block wiring is not warranted. 
Ultimately, it seems certain that the distributing pole is bound 
to go. ' 
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Fic. 8—Interior block distribution Sub-duct cable terminal and wiring 
runs 
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Fic. 9—Interior block distribution Example of wiring run to upper 
floors of building 2 
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A very large proportion of telephone service must be given 
in scattered residence districts where the number of circuits is 
so small as not.to justify conduit construction. If conduits were 
installed at once, the construction plant costs would be very 
materially increased and consequently the cost of service to 
the subscribers would have to be increased. It is therefore 
necessary to determine what is the most economical, efficient, 
and sightly form of aerial distribution. In the early days of 
the telephone it was but natural that the distribution of the 
telephone wires should follow the same practice adopted by 
the telegraph companies. Very soon it was found that the 
number of telephone wires multiplied very rapidly, which 
required towering poles, equipped sometimes with as many as 
twenty cross-arms. The invention of the dry, core-lead cable 
furnished relief for these lines, although for many years it was 
the custom to use as much open wire and as little cable as 
possible. š 

In the territory about Pittsburg the topography of the ground 
is exceedingly rough. This results in winding streets and 
almost an entire absence of alleys. To construct very large 
open wire lines in these winding streets was early seen to be 
impracticable, and when the great expansion of the telephone 
business began in 1897 it became imperative to design other 
methods for aerially distributing telephone lines. The system 
which was finally worked out and decided upon is that known 
as the aerial cable or all-cable system which was adopted in 
1897 and has been our standard type of aerial construction ever 
since. In this system, very low poles are used, rarely exceeding 
30 to 35 feet in height. These distributing lines are placed in 
alleys if they are available. A cable is strung near the tops of 
the poles and on alternate poles are placed 10- or 15-pair terminals. 
Each pair in the distributing cable appears in from two to four 
terminals, and common pairs are so laid out 1n adjacent terminals 
that it is easy to provide for party lines. The multiplying is 
so arranged that when the cable becomes crowded it may be 
cut into two or four parts, all pairs appearing in each part, 
and relieved by feeder cables. No cross-arms or bare wires are 
used for distribution along the lead, but from the binding-posts 
in the cable terminal a twisted pair, rubber-covered, and braided 
wire is strung directly to a point within the subscriber's 
premises. The use of this well insulated twisted pair wire very 
materially reduces the maintenance. An aerial cable system of 
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Fic. 10—Intenor block distribution. Details of cable terminal-connec- 
tions on wall of building 
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this kind with twisted pair wires leading directly to the sub- 
scribers' houses is undoubtedly the most sightly form of aerial 
distribution, since all the cumbersome and troublesome open 
wires аге done away with. In Figs. 14, 15, 16, 17, and 18 - 
are shown methods and materials used in aerial cable construc- 
tion. Attention is called to the grooved insulators used for 
supporting the twist wires. Each wire of the pair occupies a 
separate groove, thus preventinga crossing of the wires, which 
sometimes injures the insulation when there is a heavy strain 
on the wires. 


Fic. 11—Interior block distribution Suspending wires from building to 
ærial cable terminal on pole 


There has been considerable discussion among engineers 
regarding the life of twisted-pair, rubber-covered distributing 
wire. Rubber and paint are somewhat alike, in that all kinds 
of mixtures are sold under their names. From the very be- 
ginning we have been careful to specify a reasonably high 
grade of rubber and to insist-on making tests of all wire sub- 
mitted to us, to be sure that our specifications have been complied 
with. Very good wire was thus obtained, and samples which 
we now take down after having been in use for seven to. nine 
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years still show an insulation resistance of 200 to 400 megohms 
per mile when submerged in water. If the ordinary type of 
market wire, which is mainly intended for inside wiring, is used, 
the life will be much shorter. A good quality of rubber dis- 
tributing wire well protected with a heavy braid should prove 
serviceable for ten or fifteen years. 

Until recently the type of distributing wire most generally 
used was made of No. 14 B. & S. gauge copper. This size of 
wire was not necessary for conductivity, for as a rule it was 
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Fic. 12— Distribution of subscriber's lines from circle tap distributing pole 


connected to a 22- or 19-gauge cable pair. This size of wire 
was required for mechanical strength, because the wire was 
strung in spans and had to be self-supporting. During the 
past year there has been put on the market a copper-clad steel 
wire which is made by a new method. Copper is welded to a 
steel ingot and the copper and steel drawn out uniformly to- 
gether. From all the examinations we have been able tó make 
it seems that there is a perfect union between the copper and 
the steel. A No. 17 B. & S. gauge copper-clad wire having 
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30% conductivity of copper has the same tensile strength as a 
No. 14 B. & S. hard-drawn copper wire. This reduces the a 
mount of material in the distributing wire one-half, and what 
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is still more important, оп account of the reduced area, de- 
crea es the amount of expensive rubber compound required to 
surround the wire. The amount of braided covering is also mate- 


Fic. 14—Aerial cable distribution Cable top and drop wires to residences 
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rially reduced. The finished wire is very light and easy to 
handle and costs approximately 30% less than the No. 14 B. & S. 
type of wire. | 

At first sight it seems that a terminal on alternate poles 
must be expensive, and that terminals farther apart and with 
intervening distribution made by bare wire, would be cheaper. 
In order to determine this point clearly, a study was made 
some time ago showing a comparison between aerial cable dis- 
tribution with taps on alternate poles and with twisted pair 
direct to the houses, as compared with aerial cable supplemented 
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with bare-wire distribution. Various densities of telephone 
distribution were assumed, and it was found that in nearly all 
cases the system with taps on alternate poles was not only cheap- 
est in first cost but also in annual charges. Where the dis- 
tribution was very dense it was found that a tap on every pole 
was the most economical. As a general principle it would seem 
that we should carry the telephone circuits just as far as possi- 
ble in cable and make the subscriber’s drop of minimum length. 

There will, of course, be many streets and districts where for 
the present time aerial cable is not warranted. If these dis- 
tricts are in the neighborhood of an aerial cable base line, and 
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the subscribers are not located more than 1000 feet away from 
the cable line, it is economy to connect them with twisted, pair 
wire strung on distributing brackets rather than to resort to 
the use of bare wire and cross-arms, where perhaps a large part 


of the arm capacity will lie idle for several years. This method 
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Fic. 16— Method of tying twisted pair insulated wires to porcelain knobs 


of wiring is shown in Fig. 19. If the side streets are clear 
of trees and it appears probable that many of the circuits will 
be more than 1000 feet long, the distribution. should be made 
by means of bare wire оп .cross-arms, as shown in Fig. 20. 
Generally speaking, the bare wire on these side lines should 
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be of copper, for.at the present time with so much sul- 
phurous smoke in the atmosphere of our cities and towns, 
the life of iron wire is too short to give the wire serious 
consideration. Copper wire smaller than No. 14 N. B. S or No. 


HOUSE KNOB 


PORCELAIN 
BROWN GLAZE 


Fic. 17—Porcelain knob used for attaching twisted pair drop wires to 
houses 


12 B. &S. gauge cannot safely be used in spans because of 
of its low tensile strength. This size of wire is not required for 
conductivity, since in the places where this wire is usually 
strung we would be satisfied with a cable conductor of 19 or 22 
gauge. Here again it also seems possible to make considerable 
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saving by the use of copper-clad steel wire. А No. 14 B. & S. 
or No. 16 N. B. S. copper-clad wire is sufficiently strong me- 
chanically and has a conductivity equivalent to a 19-gauge 
cable pair. This will reduce the first cost of line wire about one- 


DISTRIBUTING KNOB 
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13 


DH | 
ae 
15 


Fic. 18—Porcelain knob used for attaching twisted pair drop wires to 
poles 


(< 


half. The copper-clad wire will be just as durable as copper. 
and since its strength lies on the inside rather than in the 
hardened outside shell, it will be subject to a lesser number of 
breaks and besides it can be taken down and used in other 
places. It is usually necessary to scrap copper wire when taken 
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down, for as a rule it will not stand re-stringing in another 
location without causing much trouble from breaking, due to 
nicked and scratched spots. 

When the open-wire subscribers' circuits fills several cross- 
arms, it is generally economical to replace them with a 
cable. From studies which we have made it has been found 
that when a cable is placed on a lead of this character, 
it is economy to remove the open wires and cross-arms and 
return them to stock rather than attempt to use them for 
distribution from taps placed one to two blocks apart on the 
cable. The removing of open wires when the cable is placed 
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F1c. 19— Method of stringing twisted pair wires along a pole lead 


cleans up the lirfe in good shape, makes it easy to maintain, 
and far more sightly to the public. It would seem that the 
aerial cable system of distribution of telephone lines is the most 
ideal system now known for districts where for the present 
conduits are not justified. Practically all the large telephone 
companies have realized the economies to be obtained by its 
use, and during the last three years thousands of miles of this 
kind of cable distribution have been placed. 

Since the wire plant requires the major portion of the money 
expended for a telephone system, and since there are so many 
varied and complex factors entering into its design, the greatest 
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care should be given to its engineering. The most important 
problems in connection with the wire plant are: 

]. The development plans which must be carefully worked 
out by the engineer so that not only the first cost of the plant 
will be a minimum, but so that the plant can take care of in- 
creases in business from time to time without unnecessarily 
large expenditures for redesign and reconstruction. 

2. The transmission must be carefully studied so that there 
will be a good volume of talk between any two connected 
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Fic. 20— Distribution of subscriber's lines by means of open wire on 
cross-arms Twisted pair drops to subscriber's premises 


subscribers. The circuits, whether in cable or in open wire, 
should be graded and if necessary loaded so that while the 
transmission is sufficiently good it will not be given over un- 
necessarily expensive trunk lines. 

3. The underground system must be extended as rapidly 
as it is economical to do so, and direct terminal or interior 
block connections made with the maximum number of sub- 
scribers. 

4. In the outlying districts where pole lines will still be 
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resorted to, every effort must be made so to design and con- 
struct these lines as to have them of low first cost and annual 
charges. They must be but slightly affected by the elements 
and free from interference from electric light and power cir- 
cuits. These aerial systems must be made sightly to avoid the 
criticisms of the public. 

5. The engineer must constantly seek for new and improved 
types of material and construction methods to be used in the 
wire plant so that the first cost and maintenance can be re- 
duced. 
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LIGHT FROM GASEOUS CONDUCTORS WITHIN GLASS 
TUBES—THE MOORE LIGHT 


BY D. MCFARLAN MOORE 


All energy consists of vibratory or wave motion. It can be 
conveniently classified under six general heads: mechanical 
motion, sound, heat, electricity, light, chemism. 

The term “light ” should be used, not as the name of an 
effect on the eye, but to designate one of the great divisions of 
all energy. Each division always contains a percentage of 
all the other divisions, and the less this percentage the purer is 
the edivision sought after. The less heat, etc., light contains 
the more efficient we callit. Science should know how efficiently 
to change or convert any one of these divisions into any other 
one. For example, we do know how efficiently to change 
electricity into mechanical. motion; namely, by the use of an 
electric motor, but we are ignorant concerning many of the other 
29 combinations, which indicates that there remains plenty of 
scientific work to be done by future generations. | 

Since all energy is really the same thing, we should become 
proficient in magnifying or suppressing, at will, any particular 
division or divisions, corresponding with rate of vibrations 
which we have settled upon and named because they effect in a 
distinctive manner the different organs of our bodies. 

Some years have passed since I first realized that there then 
existed no form of artificial light that could truthfully be said 
to imitate daylight. Believing unalterably that such a light 
was to be the next logical step of great importance in artificial 
illumination, I commenced an investigation that still continues. 

To duplicate daylight closely, three premises were soon de- 
termined upon which have never been abandoned: 
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l. Large light source, the practical solution being a long 
glass tube emitting light. 

2. Use electricity flowing through a gaseous- -conductor, not a 
solid conductor. ; 

3. Perfect imitation of color values. 

Immediately on beginning investigation on these premises, 
the gaseous-conductor became the factor of greatest importance. 
The life of the first lamps or tubes constructed was extremely 
short, since, as then expressed, “the vacuum deteriorated ” 
Up to date, four methods made have been developed and used 
and thousands of experiments have been made concerning the 
replenishing of the gas and thereby overcoming this vital 
difficulty of the gaseous-conductor becoming non-conducting, 
due to the peculiar chemical reaction that must occur when 
electricity passes from a solid conductor to a gaseous-conductor. 
These methods are as follows: 

1. By obtaining a cycle of events through catalytic action. 
The intensity of light possible was found to be very low. - 

2. Obtaining a cycle bv evaporation and condensation. 
Probably mercury is the only element that can ever be used in 
this way in glass tubes. 

3. By re-supplying the necessary gases intentio. by 
the action of heat on suitable substances. 

4. By automatically feeding gas to the tube when needed, 
which is the method used at the present time. 

Inventing intricate theories for explaining vacuum-tube 
phenomena was easy compared with furnishing a merchant a 
practical tube light to sell his goods under. For some years 
past there has existed a great mass of theoretical literature on 
gaseous conduction etc., but practically none that dealt with 
watts and hefners under commercial conditions. The old 
“ pith-ball " phenomena of elementary physics is still a good 
working hypothesis for explaining the passage of electricity 
through gases, especially at less than atmospheric pressures. 
It is apparent that movements of the almost infinitely small 
'* pith-balls " or ions is regulated largely by the potential and 
degree of vacuum. A collision of two moving bodies results 
in heat. The general law of all light sources applies also to the 
vacuum-tube light: namely, the higher the temperature the 
greater the efficiency. The absolute temperature of the in- 
dividual particles of matter within the tube after collision is 
greater than that of any other temperature on earth. But 
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the quantity of heat of each of these ultra incandescent, though 
infinitesimal, bodies, is so small that there results that which at 
first would seem paradoxical: namely, the ''coldest " source 
of light. In this expression we crudely refer to the external 
temperature of the entire tube. Some gases are easily ionized 
and conduct well, yet give practically no light, which may 
indicate that their chemical constituency and therefore their 
emissivity is not suitable for light production. 

In two previous papers which I had the honor to present 
to this Institute*, certain statements were made as to what 
would probably be the system of illumination which would 
finally, in great measure, supplant the systems then and 
now existing. The subject of improved artificial lighting 
methods is one of the greatest economic problems of the day. 
Time and space will not permit in this paper a historical review 
either of these investigations or of the art as a whole. The 
way has been long and strenuous, but always interesting. 
Careless criticism has been plentiful and professional support 
rare. The system herein described has become known as the 
" Moore Light” and therefore I trust you will pardon, on 
simply the ground of expediency and brevity, my reference 
also to it by that name, there being no alternative. 

The present system has passed the experimental stage. 
It is a result of twelve years of experimenting, but its advance 
from year to year has always been steady. Itis now fitting that 
an authoritative technical record be made of the essential facts 
at present connected with it. At the outset I venture tó assert 
that if one thoroughly versed in the art of illumination should 
formulate entirely on theoretical lines complete, ideal specifica- 
tions for an artificial illuminating system, that he would uncon- 
sciously describe the essential features of the lighting system 
described in this paper. It contains no ' make and break” 
apparatus whatever. 

For many years all scientists have agreed that a vacuum- 
tube light would be right theoretically: commercial men who 
have had their electric lighting bills reduced now know of its 
practical value. 

The illumination of this assembly room, Fig. 1, at the present mo- 
ment by a so-called Moore vacuum tube, greatly facilitates making 
clear not only its mechanical construction, but also its many other 


* * A New Method for the Control of Electric Energy," September 20, 
1893; " Recent Developments in Vacuum Tube Lighting,” April 22, 1896. 
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salient advantages and characteristics. The electrical energy 
is obtained from the alternating-current street mains. 

It will be noted that the light emenates with absolute uniform- 
ity from the entire area of a single, continuous glass tube 1.75 in. 
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in diameter in the form of а large rectangle 62 ft. by 25 ft. 
which is supported on the cove designed to conceal the in- 
candescent lamps. The glass tube is 13 in. from the ceiling 
and 16 ft. from the floor, as shown by Fig. 2. 
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It is supported by plain brass rings 1j in, in diameter attached 
to small procelain insulators inserted in the ends of brass fixture 
tubing which of course contains no wires. | 

The two ends of this continuous tube at the center of the rear 
side of the rectangle approach within such a short distance of 
each other that the gap 1s scarcely discernable from the floor. 
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Fic. 3—Interior of terminal box 


They then extend horizontally through the wall and into a rigid 
steel terminal-box located on the wall of the closet at the rear 
of the hall. This terminal-box contains all the necessary 
electrical apparatus and corresponds in form and size with that 
shown in Fig. 3. It is fed by 60-cycle alternating current 
at 220 volts. Besides the two carbon electrodes of the tube, 
the terminal-box contains a step-up transformer and a small 
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specially designed valve with its solengid, which represents 
an entirely new departure in vacuum tube lighting and also 
one that is vital to its success. The electrical circuits from 
this apparatus are extremely simple and are shown in Fig. 4. 
There is no distributed or high-potential wiring. The high- 
potential terminals of the transformer within the terminal- 


TUBE DISTRIBUTED IN 
ANY FORM OESIREO 
' TO LENGTHS OF 200 FT. 


DIAGRAM SHOWING ESSENTIAL =~’ 
FEATURES OF THE MOORE LIGHT. _ 


Fic. 4 


box are only two or three inches in length and are attached 
directly to the electrodes within the box. All the high-potential 
wires, therefore, always remain within the box which has a wire 
seal placed upon it. A hand can be placed on each of the glass 
tubes near where they emerge from the two holes in the side of the 
box, but the glass tubes insulate the gaseous-conductor within 
them so well that no shock can be felt. 
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Since the feeder-valve operated by the solenoid just mentioned 
is an essential feature of this system, a description of its operation 
will be interesting. Any vacuum tube when commercially 
luminous will, in a few minutes, seriously alter the degree of its 
vacuum unless special provision be made to replenish its gaseous- 
conductor. Due to the flow of current, a portion of the residual 
gas within the tube is absorbed; that is, changed to a solid form, 
and thereby the degree of vacuum in the tube becomes higher. 

This higher degree of vacuum so increases the resistance of 
the tube that at first the light simply becomes unsteady but 
rapidly changes to a condition of violent spasmodic flickering, 
which soon entirely ceases and the tube gives no light whatever. 
The light has actually died for want of air. This simple fact 
was not recognized for many years by prominent investigators 
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Fic. 5—Feeder-valve 


in this line of phenomena.. The problem, thereiore, was to 
devise thoroughly practical means for replenishing the gaseous- 
conductor of a vacuum tube. This is the function of the feeder- 
valve which permits air or other gas to enter the tube only when 
it is needed and in such a manner that it is entirely automatic. 
A piece of { in. glass tubing is supported vertically, see Fig. 5, 
its bottom end is contracted into a { in. glass tube which extends 
to the main lighting tube. At the point of contraction at the 
bottom of the ў in. tube there is sealed by means of cement 
a 1 in. carbon plug, the porosity of which is not great enough to 
allow mercury to percolate through it but which will permit 
gases easily to pass, due to the high vacuum of the lighting 
tube connected to the lower end of the plug, and approximately 
atmospheric pressure above it. This carbon plug is normally 
completely covered with what would correspond to about a 
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thimbleful of mercury which simply seals the pores of the 
carbon plug, and therefore has nothing whatever to do with the 
conducting properties of the gas in the main tube which produces 
the light. Partly immersed in the mercury and concentric 
with the carbon plug, is another smaller and movable glass 
tube, the upper end of which is filled with soft iron wire, which 
acts as the core of a small solenoid connected in series with the 
transformer. The action of the solenoid is to lift the con- 
centric glass tube partly out of the mercury, the surface of 
which falls and thereby causes the minute tip of the conical 
shaped carbon plug to be slightly exposed for a second or two. 
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and an extremely small quantity of air or other gas filters 
through it and then finds its way into the vacuum tube proper. 
In normal operation, most of the tubes expose this carbon tip 
for about one second every minute. Therefore, this system. 
broadly speaking, consists incontinuously burning air electrically. 

Fig. 6 will explain the theory of this action still more clearly. 
This curve shows the relation between conductivity and degree 
of vacuum. Of course there must be a critical degree of vacuum 
at which the conductivity is a maximum; this point corresponds 
to X. By means of the adjusting screw at the top of the solenoid 
the degree of vacuumis kept normally at a lower vacuum cor- 
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responding with Y, therefore as the electricity uses up the 
gaseous-conductor, the vacuum of course becomes higher, 
the conductivity better, and a greater current flows through the 
solenoid causing it to lift the displacer and expose the carbon 


Fic. 7—Lobby of a theatre 


tip above the surface of the mercury. In viewing its action, one 
is vividly reminded of a mud-turtle taking a breath of air on a 
mill-pond. As others have expressed it, this apparatus actually 
breathes. Immediately upon the air being admitted the 
vacuum falls, its resistance increases, and the current through 
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it decreases as does also the current from the mains; therefore, 
the feeder magnet weakens and the displacer falls, thereby 
shutting off the air or gasinlet. This cycle is repeated about once 
a minute throughout the life of the tube, which is indefinitely 
long. Of course when the tube is not in service there is no 
leakage of air of other gas through the mercury covering the 
plug. 

The following comparative illumination tests were made be- 
tween the Moore tube located in the lobby of a large theatre 
(Fig. 7) and the incandescent lamps formerly used to light the 
same area 


ILLUMINATION MEASUREMENTS IN HEFNER FEET IN THE LOBBY OF A 


THEATRE 
Moore Incandescent 
Station Tube System 
ЖОКЛЕ ts ee es i ЕТТ eee ans 0.795 1.05 
P oou Ad poe ete E КЕЕ ОРЕ 2.33 1.05 
; РОР ОЕСР asd Blo, ТОТ Т Т ТГ 6.48 1.27 
Т he atelier dauid ue een eee aa 4.38 1.25 
Bh ЛЕТО E aes c TIN MEER 3.48 1.25 
"MM PIT а ee ae RE aye Г СҮ 3.81 1.34 
dant eee: Bich nk Ul A Rach gs eon a eh Eg 3.20 1.05 
-RETE AEEA dur dst tial ease ae ae ar ee E Т 3.30 1.34 
КРЕ ОРО rU T 2.86 1.02 
10. e i b adr ОГ ЛЕ ТО КЕ cos Т ГЕК 2.73 0.88 
Ll cathe eae E ee ОРИ 2.20 0.74 
D а а ЕЙ Б е 1.19 0.52 
VS SA "Ic" ЕЛГА ER 3.39 1.14 
Ba) aes atte scales sae а лао 3.47 1.14 
Lr or Se tn ie OS Hh ee E TEE 2.96 1.25 
РОР TERT TITLE ee ee eee 3.30 1.31 
Mean illumination (average hefner-feet of 16 sta- 
LIONS) ir ga Ga ee Oke el epe Ed dado КЕ 3.12 1.09 
Average variation from теап................... 27% 16% 
“ Об c casei et bord ar eara ied 222 a.c. 115 d.c. 
Amperes Lisci a os eee ee geen See 21 51.75 
Watts ОВА е еа А hi ео 3075 5470 
Power-lactor 24. оа URP E ESGEEE ES 66 ——— 
Area square еер оо ад 2110 2110 
Watts рег square Ѓееї......................... 1.46 2.82 
TT : Mean hefner-foot 
Illuminating efficiency ————- ———— 2.15 0.39 


watts 


Therefore the tube system has 5.1 times the illuminating 
efficiency of the incandescent lamp system under the same 
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local conditions. The useful illumination has been increased 
450%, yet the current consumption is reduced 45%. 

Although there are many factors which it is necessary not 
to lose sight of in determining the true value of any form of 
illuminant, nevertheless the sine qua non isthe matter of efħ- 
ciency. Does this apparatus produce more light for a given 
expenditure of energy than the other forms of illuminants with 
which it must naturally compete, is a question of vital im- 
portance? ' 

À new and excellent type of portable illuminometer recently 
developed by Mr. Marshall was used to make these illumination 
measurements. At all stations it was placed 32 in. from the 
floor, although the floor of the lobby slopes towards the entrance 
end. 

Fig. 8 shows a plan and elevation of this lobby. The tube 
is not provided with a reflector of any kind and therefore the 
ceiling was much brighter than when the incandescent lamps 
were used, most of which were located directly on the ceiling. 
The walls and ceiling are covered with a buff-colored paint. The 
tube operated directly from the street mains, 220 volts, 60 
cycles, single phase. 

If this tube had been longer its efficiency would have been 
still better, and by equipping it with a simple white reflecting 
enamel on the exterior of its upper half it would have had the 
benefit of a 1eflecting surface like most other forms of light in 
normal operation. Measurements of tubes so equipped show 
an efficiency corresponding to less than one watt per hefner 
and therefore approaching the theoretical limit for a light of 
such a commercially good spectrum. 

The entire basement floor of a department store, which is 
solely lighted by four tubes each about 200 feet in length, is 
shown in Fig. 9. This basement was formerly lighted with 
enclosed alternating-current, 6-ampere, 60-cycle arc lamps. 
The goods are generally displayed on tables and shelves on the 
side walls, and the plane of measurement was chosen at the 
average height of the tables; that is, 36 in. from the floor. 

The ceiling is 10 ft., 3 in. high and coated with gray paint. 
The tube is 199 ft. long, operating directly from the 60-cycle 
street mains; that is, there are no auxiliary devices to be taken 
into account. as with some other forms of light. The center 
of the tube is 8 ft., 9 in. above the floor and the center of the arc 
lamp 8 ft., 6 in. above the floor. It was noted that various 
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articles are suspended from the ceiling in this department, and 
that with the tube light the ceilings and walls were well illu- 
minated, while with the arc lamps, due to their reflecting shades, 
the ceilings and walls were very dark. 

The following comparative illumination tests were made 
between tube ' B " when fed with pure nitrogen and therefore 
giving a yellow light, and the nine arc lamps provided with 
15-in. white opalescent reflector shades formerly used to illu- 
minate the same area. 


ILLUMINATION MEASUREMENTS UNDER TUBE '' B," DEPARTMENT STORE 


Moore Arc Lamp 


Station Tube System 
Mert o ae М ао Gare 2.84 1.30 
a eta s tue te rio shee oat diee di Ge AN Л С КС СЕКЕ ЕСЕ 1.76 1.14 
РЕ ТУО ——Lr Е 4.66 1.25 
оиа ee oe ee ee ee ee eee eee ee 2.02 0.68 
КЕЕ MS EUM IPTE 2.84 0.59 
Onc Sie Oot ead ро NO 3.75 0.75 
Ti Ruins naa О ТУГУ Tui tetas 1.34 0.45 
Nau um amps M КУКУК v M id uet 1.91 0.68 
Мег. D ossa diete vidange ibo E 1.09 0.79 
mec "TP" 4.30 3.30 
ОРОО ОЛУУ ГҮ КККК Г СТ 2.24 2.80 
Т eRe Ree eee ee ane eee 1.71 1.06 
DS octane EPI Pb Beta Unete ВУ 2.64 1.72 
E ——————— M € 2.16 1.31 
p ——————— —— Dm 3.73 1.08 
Pola doses Ad A Oe, xa te S dA ott d cR UN an LIE 2.14 1.33 
ORE P P OTRO OM DOE 2.02 0.45 
Те 2s Casta Dd bed chu CHE E rd d eyes 1.02 
UU —"—— ———————— 2.24 1.42 
20) ЖООЛУ do Goa Ups UR hae ree eae ea pees la BS 1.82 0.73 
Zebra d К К ОКТ addet os ee ot d SU ҮЛ 2.00 0.82 
dO Oa a cesi К t КУ a EU a СС Г ГО pe aet 5.05 0.79 
Mean illumination (average hefner-feet of 22 sta- 
TIONS ФЕ ИК aeta ed truci ak Mee SG eae 2.6 1.16 
Average variation from mean................... 31.8% 40.4% 
T VOUS ж аел SURE ESO ee etn S Re datos 230 122 
реве oos eo oce dc d onte ud ины кн sce Vct n 24 53.1 
Watts totals: s ces Бык ced Sales a REPE EP TE 3500 4500 
POWOFP-EaCUOE. usce av ES aeu rad та ея 62.5% 70 
Area square feeb. si sexe e Paste e mee dores da 3753 3753 
Watts per square Їее{......................... 0.93 1.2 


. . . Mean hefner-foot x area Ж _ 
Illuminating efficiency рсе е 2... 2.79 0.967 
watts 
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Therefore the tube system with yellow light has 2.9 times 
the illuminating efficiency of the enclosed arc-lamp system 
under the same;local conditions. 
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The efficiency of this tube in terms of watts per hefner in- 
stead of watts per hefner-foot was determined by direct photo- 
metric measurement instead of by illuminometer measurements. 
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An accurately constructed photometer-placed upon this tube 
showed it to be operating at 12 hefners per foot, which is equiv- 
alent to 2388 total hefners and an efficiency of 14 watts per 
hefner power from the street mains. This figure is obtained 
by simply dividing the total watts delivered to the tube from 
the city service mains by the total number of hefners. This 
bunsen photometer consists of a black wooden box 5 in. square 
and exactly 3 ft. between light sources. The tube passes 
through one end of this box transversely while at the other end 
is located a certified standard Reichsanstalt hefner-von altneck 
amyl acetate lamp. If the losses of the terminal box are de- 
ducted, the actual efficiency of this tube, simply as a light 
source—which is the manner in which practically all other light 
sources are usually rated—reaches the remarkably high figure 
of 1.3 watts per hefner. When a Moore tube is diffusing its 


Fic. 10—Basement of department store 


yellow light, one seems at least to be able to see far better than 
when it is producing the same hefner power of white light. 

The useful illumination has been increased 220%, yet the 
current consumption reduced 22%; this amounts to a saving 
of 10c. per kilowatt-hour. At 65 hours per week this means 
$338.00 per year on this one tube. On the four tubes for the 
entire basement it means a saving of $1350.00 per year. 

On account of the remarkable color qualities of the white 
Moore light, a request was made to change two of these yellow 
tubes over the china department to a white color, and the fol- 
lowing comparative illumination tests were made between 
tube '' C," 211 ft. long, when fed with pure carbon dioxide gas, 
and therefore giving a white light, and the ten 6-ampere, 60-cycle 
arc lamps provided with 12 in. spherical opalescent globes. 

Fig. 10 is a photograph of this department taken solely by 
the light of the tube. 
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ILLUMINATION MEASUREMENTS UNDER “C,” TuBE BAMBERGER BASE- 


MENT 
Moore Arc Lamp 

Station Tube System 

# ОГ E AE N A EEE E E E REE ee 0.91 0.34 

ОО ЛУ rrr 1.71 1.78 

Dvd "crx, 0.89 0.36 

dex di ГКК beu ee d edad Uh hr ОЛУ а 0.75 0.40 

PLUR ETT EE Bed Gaeta Me Е 1.06 0.63 

Orosio dae M edat dde aor ТОСКОЛ qe ped ТГ Т 2.18 . 1.51 

;JU——— rp 1.31 0.97 

Noni ue teu A S ud inui тсз ende ГЕТ 0.47 0.45 

Оз eine acd aho ИРЕР СИР ШЫ 0.49 0.29 
WO wp EEEE NEE De Mean аЛ APR: 1.11 0.51 
DD ic dw ow AS SAAR E HOS av ade S 1.96 0.54 
оао idt e ee OR ена Ges 0.88 0.57 
jns TETTE 0.66 0.23 
P bis ee Pre T E ae ead СС 0.63 0.32 
|" E a a D A E EE a a ON 1.71 1.11 
| уыл E EE E ИРЕНЕН РОР РСЕ АЛЛЫ 1.25 0.43 
Mean illumination (average hefner-feet of 16 sta- 

HONS heast а ed ipei idest ole te A 1.12 0.65 
Average variation from тпсап.................. 37.96; 01.16 
Е О о quem S I CE rua ees 294. 122 
JATI DEEGS Loc com padres Die chop p a Seon ee IE 12 59 
Watts Ога osa а le Ut aha 3750 9000 
POowerefaeb of oae US ава а Наи 61% 70% 
Area square [feet ыи. bao жшк dee eee wees 4275 4275 
Watts per square Їее{......................... 1.34 1.17 
| І Mean hefner-fooot x area 

Illuminating efficiency · — dE E 0.83 0.55 


watts 


Therefore the white tube is 1.5 times more efficient than the 
enclosed arcs. 

The delicately colored china ware is now exhibited under exact 
daylight conditions, and the general illumination is a marked 
improvement over that furnished bv the arc lamps. The 
fact should be emphasized that the arc lamps hung much lower 
than the tube and produced a bad effect. The arc proper of 
the arc lamps was 284, nearer the plane of measurement than 
the tube. With the tube there located it would also show an 
economy over the arc lamps of about 78%. 

Although the above tests indicate that this system is now 
the most efficient light source known, nevertheless not only 
theorv but experiments alreadv made show that greater ad- 
vances in efficiency are vet to be made. The best gaseous- 
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conductors particularly adapted for selective radiation must 
be determined upon. For example, nitrogen has about twenty 
times the efficiency of hydrogen. A gaseous-conductor must 
also be selected that not only has proper color values but must 
maintain high efficiency over wide ranges of intensity; for 
example, mercury vapor (to say nothing of its color) is very 
inefficient in the long-tube system. It is only efficient at 
intensities which should be considered too high, and which 
is also the reason why the mercury tube is so sensitive to tem- 
perature changes. 

Moore tubes are now used in lengths varying tom 40 to 220 
feet. The following curves show the watts per hefner for 40 
feet to be 2.5, and for 220 feet to be 1.4, on the basis of a yellow 
light. Therefore when tubes are operating at 12 hefners 
per foot, which is the average intensity now used, tubes from: 


40 to 70 feet use a 2-kw. transformer. 


80 “ 125 " ^" a275-kw. “ 
130 “ 180 " "*a35 " ^ 
190 ‹ < 220 (ES 6¢ a 4.5 66 [17 


In order to insure steady light, the power-factors of the 
circuits supplying these transformers average at present 65%. 
This is obtained either by using a'shell-type transformer of special 
design with a leakage reactance of about 6595, depending on 
the size of the transformer required, or there can be used a 
standard tvpe of core transformer, operated in series with a 
special type of adjustable inductance consisting of two com- 
posing coils on the center leg of an iron core of the shell-type 
formation. 

Feeder-valve solenoids of four sizes have been found sufficient, 
and are usually connected in series with the low-tension circuit 
of the transformer and inductance, although they are sometimes 
operated by the high-tension circuit. 

Although the average power-factor is now about 65%, there is 
no theoretical reason why all these tubes should not operate 
at a considerably higher power-factor. In fact a very recent 
improvement in the valve which has entirely eliminated capillary 
attraction, has made it practical to adjust tubes to a power- 
factor as high as 84%—which is a decided improvement over 
some of the first tests published, and makes the tube far better 
than either the alternating-current motor or the arc lamp 
in these respects. Since all of the electrical factors of the 
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entire system are based on the conductivity of the gas column, 
it is possible to vary the power-factor over a wide range 
simply by changing the degree of vacuum by regulating the 
amount of gas fed to the tube. 
The following curves show the relations exiting between the 
salient factors that have to do with the tube performances. 
Curve A shows how the amperes of the low-tension side of the 
transformer at 220 volts vary with the length of the tube. 
Curve B indicates that the actual voltage on the tube terminals 
for 40 feet 1s 3146, and for 220 feet 12,441 at 12 hefners per foot. 
Curve C. Since the no-load transformer losses and also 


5 LOW-TENSION AMPERES 
KILOWATTS & 
WATTS PER HEFNER 
HIGH -TENSION VOT L5 


10 


2 30 79 100 125 150 175 200 225 
LENGTH OF TUBE IN FEET 


Fic. 11 


electrode losses become a larger percentage of the total watts 
as the tubes are shorter, therefore the watts per hefner grow 
less: that is, the longer the tube the better the efficiency. 

Curve D. Doubling the length of a tube does not double the 
kilowatts required. 

. Curve E. These tubes soon become seasoned; that is, use 
WD all foreign gases, and then their intensity remains perfectly 
constant for an indefinitely long period of time. 

Curve F. The efficiency also remains constant. 

Curve G. The efficiency does not vary over a wide range of 
supply voltage. 
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Curve Н. The light intensity is directly proportional to the 
voltage, not as the square or the cube of the voltage as is the 
case with incandescent lamps. This is an advantage of great 
practical importance. 


Curve J. The light intensity is nearly proportional to the 
watts. 


MEFNERS PER FOOT 


WATTS PER HEFNER 


Curve /. The light intensity is proportional to the tube 
amperes, and that a tube radiating 13 hefners per foot of vellow 
light requires three tenths of one ampere. 


210 
LOW TENSION VOLTS 


WATTS "ER HEFNER 


Fic. 13 


The degree of vacuum required in these tubes is about 0.10 
of a millimeter which, comparatively speaking, can be called a 
high vacuum. This vacuum is maintained within 0.01 of a 
millimeter of 0.00001% of an atmosphere either above or below 
the normal degree of vacuum. The solution of this very difficult 
problem of maintaining a degree of vacuum so nearly constant, 
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was found by taking advantage of the fact that but slight 
changes in the vacuum cause enormous changes in the electrical 
resistance of the gaseous-conductor. For example, a tube 
220 feet long at its lowest vacuum (0.11mm), takes 24 amperes, 
but at the end of every minute this has crept up to 25 amperes, 
when a new supply of gas causes the amperes slowly to drop 
again to 24. Of course it is impossible to detect this slight 
oscillation either in the steadiness or intensity of the light in 
the tube. Making use of electricity to govern the vacuum is 
equivalent to using a multiplier of about 400,000. 


HEFNERS PER FOOT 


12 14 16 18 20 22 24 95 WATTS PER FOOT 
0.1 0.2 0.3 HIGH-TENSION CURRENT 


215 220 


210 
LOW. TENSION VOLTS 


Fic. 14 


These long tubes are built m place by hermetically sealing 
together 8 ft. 6 in. lengths of 1.75 in. glass tubing, with walls 
jy in. thick, by means of a new blast illuminating gas—fire or 
double-flamed torch. This work can be done rapidly and 
cheaply since in a 100-ft. tube about a dozen joints are needed 
and only about two minutes are required for each one. This 
has necessitated the development of a new trade: namely, 
“ glass plumbing.” 

The two ends of the tube within the terminal box each contain 
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a graphite cup electrode 8 in. long. ' Immediately in front of one 
of these electrodes a branched small-bore tube extends to the 
bottom of the feed valve, see Fig. 3, and the other branch is 
available to be connected temporarily by a rubber hose to a 
new small portable oil vacuum-pump. The electricity is 
turned into the tube shortly after the pump is started and the 
amount of light resulting indicates in a measure the degree of 
vacuum in the tube. But in investigating a field of this nature 
a simple, rapid, and accurate vacuum-gauge was found to be 
very necessary, and it has proved to be as valuable an instru- 
ment as a compass is to a mariner. It can be calibrated to 
measure to one ten-millionth of an atmosphere. 

As soon as the vacuum of the tube is sufficiently high, the 
feed-coil 1s adjusted to feed at proper intervals the right quan- 
tity of air or other gas. When the light automaticallv and 
continuously feeds itself from the atmosphere, the supply of 
which is of course inexhaustible, its life can be said to be in- 
definitely long. When it is desired to feed the tube on nitrogen 
only, the air is simply made first to pass through a small iron 
cvlinder containing enough phosphorus to last several years. 
Should a longer life than this without any attention be desired, 
several cylinders can be used in series and these can be renewed 
an indefinite number of times at a negligible cost. Effectually 
to prevent more than is necessarv of the atmosphere from 
coming into contact with the phosphorus, or being continu- 
ously in contact with it when the tube 1s not in use, it has first 
to pass through a small mercury trap. 

To feed the tube CO,, a bottle containing a piece of marble 
and a little hydrochloric acid automatically generates this gas 
only when the tube requires feeding. Therefore this small gas 
generator needs onlv a new piece of marble at the end of several 
years. 

Various portable or unit forms of this hght have been de- 
signed. For example, the one shown in Fig. 15 resembles 
somewhat an arc lamp. It operates at 220 volts and requires 
25% less watts yet gives 25% more useful illumination than 
an enclosed arc. 

The automatic feeding-valve is of course applicable not only 
to alternating-current vacuum tubes but also to direct-current 
vacuum tubes. It can be made invaluable for all kinds of 
vacuum-tube apparatus, such as X-ray tubes, vacuum oscillo- 
graphs, wireless telegraphy or telephony, transmitters and re- 
ceivers, vacuum or vapor rectifiers, or lamps. 
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A careful analysis of this system of illumination in general, 
discloses the large number of advantageous features it pos- 
sesses. It is the first artificial light that can rightly be called 
imitation daylight. Natural daylight is the only ideal light 
that can ever exist and the eye accords with it, therefore the 
nearer any light source approaches it the better, and vice versa 
The absence of the red rays in daylight, for example, would far 
from improve it. This system is so much nearer natural light 


Fic. 15—A small Moore light unit 


imitation that it is in a class by itself. But these tubes furnish 
a perfect diffusion of light because the light radiates from such 
extremely large areas as compared with all the old style spots 
of light, and therefore if desired a more nearly shadowless light 
can be produced than any other known means. 

The recently appearing types of incandescent lamps having 
improved efficiencies, such as the osmium, tantalum, zircon, 
graphitized carbon, tungsten, osmin, osram, titanium, and 
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helion lamps are all obtained by causing solids to get over- 
heated due to electricity passing through them. These new 
lamps—all based on an old principle—are only of transient 
interest, an interest of a vastly lower order than the interest 
that should attach to obtaining illumination by electricitv 
passing through, not solids, but gases. They will not bring 
about a permanent radical change in the lighting situation. 
But such a change is now gradually being brought about by 
the vacuum-tube. However, by this it is not meant or claimed 
that all other forms of light will be abandoned. The candle 
business is larger to-day than ever before, and history shows 
that the electric lamp has interfered very little with gas. But 
changes must come. Each form of light has its own particular 
sphere of usefulness, which varies in size in accordance with 
its intrinsic worth and age. Some are just starting on their 
campaigns of usefulness, and others have reached their prime. 
Light resulting from gaseous conduction, it can truly be said, 
is right both theoretically and practically and therefore will 
probably survive for centuries. 

It is simply claimed that this new system of electric lighting 
gives the up-to-date illuminating engineer one more available 
method for solving some of his problems and that some of its 
fields, as is the case with all other lights, are exclusively its own. 

It should be remembered that the enclosed arc rapidly dis- 
placed the open arc, due to better diffusion and lower main- 
tenance cost, notwithstanding a 509, loss in efficiency, but 
this new svstem in turn excels the enclosed arc in all of these 
factors. 

The recent high efficiencies that have been obtained bv 
other forms of illuminants have always been gained at the loss 
of some other salient factor; for example, such as life or color. 
but not so with this tube light. It is based throughout on 
thoroughly well known engineering principles that are properly 
applied. “Тһе proof of the pudding is in the eating thereof," 
and the proof of every electric light is the illumination thereof. 
The term spherical candle power manifestly cannot apply any 
more logically to a long tube than can the law of inverse squares 
be properly applied to its light emenation. It is an indication 
of broadmindedness to have a complete indifference for all 
new forms of lights that have even a higher intrinsic brilliancy 
than the older forms with which we have long been familiar. 

Ln this connection it is well to notice that many of these 
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new forms of spot lights have enormous intrinsic brilliancies, 
because it 15 impossible to make them in lower candle powers.- 
Besides the disadvantages of the high candle powers of these 
new point light sources, mechanical difficulties may make the 
ordinary used voltages impracticable. Few persons realize how 
comparatively little need there really is for small units of light, 
such as were contrived and used by our forefathers. 

Abundant light is becoming more and more of a necessity 
and less of a luxury every day. There will always remain a 
small field for localized light sources, but so long as any new 
form of light is in the form of a spot; that is, so long as it is a 
highly concentrated light source, it is not worthy of much 
serious consideration so far as the great bulk of the lighting 
that 1s now needed bv commerce is concerned. Large areas 
represent at least 80% of the lighting business. They should 
be illuminated by diffused light, therefore the only proper 
procedure is directly to generate a diffused form of hght; that 
is, use a large and cool vacuum-tube, not a very small and a 
very hot filament and then try to scatter or soften its light and 
thereby waste about 50°% of it, either by a diffusing globe or a 
reflector of some kind, to avoid glare. The long-tube system 
has the necessary natural characteristics that make such devices 
superfluous. Its enormously greater area is responsible for its 
correspondingly low intrinsic brilliancy. | 

Since it is possible and practicable to use these tubes graduated 
from an intensity of light per foot that is almost negligible up to 
З0 ог more hefners per foot, it 1s impossible to state arbitrarily 
just what is the intrinsic brilliancy of a Moore tube. Theav- 
erage long tube now in use operates at 12 hefners per foot. 
The following table compares the tube with some other illu- 
minants on the basis of hefners per square inch. 


at 6 hetners pef Їоо%....................... 0.33 
Moore light 4 at 12 hefners per Їоої...................... 0.66 

at 36 hefners per Їоо{...................... 2. 
Cooper Hewitt mercury їџђе.......................... 19. 
Incandescent ЙЇатпепїз............................... 250. 
Nernst Clone ios nice оО pide te CH edet 600. 
PAT CG PAN GPS aues оа Garb races an ac BRA cios 10,000.. 


Some authorities have stated that an intensity greater than 
about 5 hefners per square inch is beyond the theoretically 
correct limits, therefore this light is the only one that has a low 
enough brilliancy not to fatigue the eve. This has also been 
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demonstrated by practice. It is remarkable that an intrinsic 
brilliancy as low as 0.33 per square inch is commercially thor- 
oughly practical. Fig. 16 shows a tube that has been oper- 
ating at this low intensity for over two years. It was also the 
first tube to be operated on alternating current from street 
mains. Even at this low intensity, the store is far more bril- 
liantly and satisfactorily lighted than with the 16 c-p. incan- 
descent lamps hanging low on flexible cords which were for- 
merly used. So far as primary briliancy is concerned, the 
tube far excels all other electric lights—all of which certainly 
need to be amply equipped with diffusing shades, etc. 


Fic. 16—Interior of hardware store 


That great progress has been made in tube lighting is clearly 
proved by calling attention to the fact that the tubes in the 
““ Moore Chapel ” at the Madison Square Garden Electrical Show 
of 1898 operated at only } of a hefner per foot while now a hun- 
dred times this intensity is easily reached. 

Posterity will probably comment on the boast of one of our 
greatest illuminating companies, that it had to screen every 
light source in its model new building. Vacuum-tube illumi- 
nation will obviate the necessity of a law prohibiting all kinds 
of glaring lights. 

Illuminating engineers should not lose too much time by giv- 
ing undue attention simply to the utilization of light, but 
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should also rapidly come to a realization of the prime im- 
portance of the best methods of producing artificial light. 

The Moore light is generated in such a manner that it needs 
no unsightly and expensive auxiliary apparatus either to dis- 
tribute it by reflection, or to diffuse and soften it. It should 
be borne in mind that illumination from gaseous-conductors 
is a comparative infant in the commercial world. There is a 
marked difference between the illumination produced by a 
Moore tube and intense-point sources. This very marked con- 
trast is shown best by suddenly throwing off the tube light and 
immediately throwing on incandescent lamps—especially if 
there are many of them and bare, and suspended by flexible 
cords. * 

After becoming accustomed to the tube light, workmen, 
whether machinists or employees in packing and shipping 
departments; very much appreciate the fact that they ''can't 
get into their own shadows." For reading addresses or mark- 
ings on loading or shipping platforms it can scarcely be surpassed. 

This tube lighting accurately resembles cove or concealed 
lighting, yet there is no necessity for concealing the tube; 
should it be desired to conceal the source of light the cove 
itself is not needed, because all that is necessary is to place an 
opaque.reflector on the lower side of the tube so that all of its 
light would be thrown toward the ceiling and illuminate the 
room therefore entirely by reflected light. — 

Incandescent lamps were originally, placed behind coves 
because of their objectionable high intrinsic brilliancy, and the 
tendency is to allow the sins of the incandescent lamp to be 
visited upon the tube. The only reasonable excuse for placing 
a tube behind a cove is that the light source is concealed; but 
even this reason is not logical, because the intensity of the tubc 
càn be adjusted to be but little brighter than the ceiling is as 
a reflecting surface. Take for example the tube now lighting 
this hall. It is in front of the cove or cornice, not concealed 
in any way, yet its simplicity prevents it from being obtrusive. 
It harmonizes with its architectural surroundings and its height 
places it entirely out of the direct line of vision. Even though 
it be deliberately stared at, it does not dazzle the eye in the 
least nor distract one's attention as does the dim and streaked 
ceiling when the incandescent lamps are used. The most com- 
mon kind of natural light is almost shadowless and always 
pleasing, as is also the lighting of many large areas by means 
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of skylights, and so are artificial imitations of diffused daylight 
if made intense enough. A lack of uniformity in intensity does 
not rest the eye. 

All authorities insist upon the avoidance of bright spots. 
This is accomplished by other systems at an enormous sacri- 
fice in efficiency. Take for example the really beautiful lighting 
of many auditoriums using light diffused through glass ceilings. 
However, from the four standpoints of efficiency, simplicity, 
safety, and first cost, a little thought would convince the most. 
skeptical of the enormous advantages, both in theoretical 
conception and practical application, of simple exposed glass 
tubes which would accomplish the result sought after equally 
well, yet at an enormous saving in operating expense. | 

It is the blinding brilliancy of the mercury tube that makes. 
even a direct glance at it so very harmful to the eye. It is 
true the mercury tube is a light-source of larger area than all 
point sources, but a careful analysis will clearly show that in 
this respect it is but a short step in the right direction, and. 
that its area for a given quantity of illumination will have. to 
be multiplied a score or more times, as it is in the Moore light, 
in order to obtain an intrinsic briliancy low enough to meet 
conditions both theoretically and practically correct. О: 

А studv of the history of the development of all light sources 
shows the vacuum-tube to be a logical conclusion of the pro- 
gress of evolution. All portions of a long Moore tube are uni- 
formly luminous. It has a governable intensity from zero to 
dazzling brightness; therefore any theoretical specificatiors. 
can be met in practice bv resorting, for improved methods of 
illumination, to the gaseous-conductor, not to a solid ore. 
Carefully tracing the evolution of all forms of light from remote 
ages dewn to the present time as regards the following seven 
most important factors: diffusiveness, color, steadiness, ab- 
sence of heat, efficiency, safety and first cost, all—clearly prove 
this long tube system to be a natural sequence and that the 
times are now ripe for it. 

Widely spaced 50- and 100-c.p. lamps were commonly used 
twenty years ago, but custom and necessitv gradually changed. 
them to 8- and 4-c.p. lamps. Next they were placed close 
together in rows and then laid horizontally (as they are behind 
the coves of this room) clearly pointing to their natural suc- 
cessor in the direct line of progress; namely, the tube. 

The arc lamp has changed from, first, the unsteady short 
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open arc, to the much longer enclosed arc which multiplied the 
area of the light source many hundred times, to the enormous 
“ diffusers " now used to improve as much as possible what I 
believe to be the fundamentally wrong principles of arc lamps 
and incandescent lamp clusters. The flaming arcs go one step 
further both in lengthening the arc proper and increasing the 
apparent light source to the entire area of a large globe. The 
Moore tube virtually consists of an ‘‘ arc " drawn out to а length 
of several hundred feet. 

Steadiness is a factor of vital importance to any form of 
light, and in this respect the long tube is excelled by none. 
Of course it does not flicker like an arc lamp and is much less 
affected by voltage variations than all forms of heated solid 
conductor lamps. 

Stroboscopic tests of the light of the tube reveal an image 
better than that obtained from enclosed arc lamps, notwith- 
standing the fact that the heat-constant of the tube as the 
current wave passes through zero is less than that of any other 
form of light. Therefore when the supply switch is opened 
the tube light “ goes out " quicker than all other lights, a fact 
which should be valuable for signalling but which also in a 
measure explains the high efficiency of the tube. Tubes of this 
nature wil operate successfully on all frequencies, but at fre- 
quencies as low as 25 cycles the images will probably become too 
pronounced unless two- or three-phase currents are available, 
in which case by the use of multiple tubes the images of moving 
objects are entirely removed. The highest frequency in use 
at present for operating these tubes is 480 cycles, and is fur- 
nished by a motor-generator on 220 volts direct current. Care- 
ful tests on various frequencies up to about 10,000 cycles have 
shown that the number of alternations of the current used to 
excite these long tubes has nothing to do with their efficiency. 

The only commercial and proper method of comparing all 
sources of light is on the basis of their ability to produce useful 
illumination, and not by any other basis. I have advocated 
for some years past the comparing of all lights by measurements 
of illumination and not by candle powers, and now see indications 
of this procedure becoming standard. The term hefner-foot 
will soon replace the unsatisfactory candle power, and contracts 
for lighting any area will be based on specifications calling for a 
definite intensitv in hefner-feet on each square foot or square 
yard of the area to be lighted. This is far more practical than 
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agreeing to furnish a lamp which is supposed to require no 
more than a certain number of watts per candle power, at the 
beginning of its life. All light users want to deal with terms 
that have to do with useful light, and this is one reason why the 
term '' watts per candle power " has always been so extremely 
unsatisfactory. There should be used a single commercial 
quantity or figure that would correctly express the “ illuminating 
efficiency " of each and any svstem of lighting used to illuminate 
a given area. If the area, and, therefore. all of its accompanying 
reflecting surfaces be changed, the relative values of this figure 
for each system is also liable to change, because some systems 
(for example arc lamps) are more benefitted, comparatively 
speaking, than are others by certain reflecting surfaces and 
other local conditions: Such a figure or value is readily obtained 
by dividing the average of the hefner feet measured at a suitable 
number of stations by the watts per square foot. This method 
wil finally be widely adopted not only by illuminating engi- 
neers but also by the intelligent public—now that simple and 
perfectly self-contained illuminometers are available. The term 
hefner-foot is preferred because the hefner is the only practical 
primary standard. There is no longer any excuse for using 
the term candle power, and it should rapidly be dropped. The 
foot is still the commercial unit of length in this country. 

If incandescent lamps were generally used as individual light 
sources, then watts per candle power would be the salient 
term, but since the vast majority of incandescent lamps are not 
used individually but simply as inconspicuous parts of a system 
of illumination, then the average hefner-foot becomes the factor 
of prime importance: that is, the illuminating efficiency, not the 
efficiency of an illuminant. We should be a little concerned 
about the specific efficiency of the lamps behind the cove in this 
hall, but very much interested in the ability (that is the efficiency, 
of the incandescent system as a whole to produce the result 
sought after: that is, to illuminate uniformly and without 
glare every square foot of this floor with a minimum expenditure 
of energy. Watts per hefner-foot is the important factor, not 
watts per hefner. 

I believe that the proper way to compare all forms of il- 
luminants would be approximately on the following basis: 

1. The area to be lighted should be about 40 by 80 feet, and of 
approximately the shape indicated by these dimensions. 

2. The illuminants must not extend below a horizontal plane 
10 ft. above the floor. 
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3. The award is to be made entirely upon the results of 
illuminometer tests in a plane 30 in. above the floor and the 
stations of which are to be located as follows: ten equal spaces 
on the center line of the longer dimension, ten equal spaces on 
the center line of the shorter dimension, and ten equal spaces 
on the diagonal. The average of these thirty readings is to be 
divided by the total number of kilowatts used from the street 
mains by each form of illuminant, and the highest quotient 
(light units per energy unit) will determine the placing of the 
award. . 

Itis not surprising that the tube should surpass the incandes- 
cent lamp both in efficiency and diffusion in the lighting of an 
area of this size, because the incandescent lamp is wrong the- 
oretically—too far away from natural light—it is too small, 
too red, too hot. The highest temperature at which glower 
lamps operate would make them do better, about half as well 
as the tubes. So with all the incandescent types of lamps, to 
say nothing of the bother and expense of replacing them, either 
in whole or in part. Arc lamps would be out of the race, be- 
cause of inefficiency, glare, flickering, wide variations in 
candle power between feedings, poorly distributed light, noise, 
dirt, etc., besides the maintenance expense of recarboning and 
cleaning. Compare the simplicity of the method of obtaining 
diffused light by means of the tube with the really commendable 
attempt to obtain a comparable diffusion by equipping arc 
lamps with concentric diffusers that are as enormous as they 
are crude so far as the means to the end is concerned. Especially 
is this the case where light balancing selector diffuser ceilings 
are installed. They very pointedly indicate the need of a tube 
light. 

During the first year of its use—1903—the gaseous-conductor 
of the Moore tube was produced by chemical means, which has 
been comparatively recently superseded by the automagnetic 
valve. Therefore the lapse of time since the first automatically 
fed tubes were installed being so short, it is not now possible to 
state definitely what their final life will be, beyond the general 
statement that some of these tubes have already been in opera- 
tion over 4000 hours without change, and that there are good 
reasons for believing that they should continue to run at least 
again as long, which is a much longer life than any other form 
of illuminant yet invented. This whole system is one with an 
exceptionally large number of variables, and this also applies 
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to its life, because it depends partly on the intensity at which 
the tube is operated and the particular gas used. Since air or 
other gas is regularly admitted to the tube and changed to some 
solid form, due to certain electrochemical reactions, it is certain 
that the time of operation without any attention whatever 
cannot be prolonged indefinitely. Before adopting the chemical 
method of obtaining a nitrogen supply for the long tubes, it 
was stored under about three pounds pressure in a small tin 
cylinder placed in the terminal box, which supplied an average 
tube before needing to be recharged for considerably over a 
year. Therefore the quantity of gas (nitrogen for example) 
necessary to support a light of 12 hefners per foot is so small 
that a tube of average length should remain in perfect condition 
for a number of years before it would be expedient to remove 
the small quantity of dark-colored powder which may have 
accumulated only within or near the graphite electrodes. 

When a tube has been properly exhausted, the discoloration 
in front of the electrodes should not at any time extend more 
than two or three inches. When a tube is striated, it indicates 
that other gases are present that are foreign to the one decided 
upon to be used. 

The light source of all other lights needs to be renewed, but 
in this case the light-giving tube itself will last an indefinitely 
long time, since it 1s neither consumed nor becomes blackened 
in the least. Should any renewal be required it is at the 
electrode which can be replaced comparatively cheaply. 

The cost of a long-tube installation, due to its being con- 
struction work, varies with its location, its length, its shape, 
the intensity of the light required, the kind and number of fix- 
tures desired, and other local conditions; but is already less 
than the cost of a first-class incandescent lighting system with 
its necessary wiring, fixtures, and shades. Eventually it will be 
far cheaper. It should be borne in mind that the first cost of 
this tube corresponds with the entire cost of an incandescent 
lighting system—its iron piping, wires, cut-outs, fixtures, shades, 
and lamps—and also that the first cost should be considered 
only in connection with the fact that in many instances this 
tube will pay for itself several times over during its first year 
of use from the amount saved on what the current bills would 
have been if incandescent lamps had been used to produce the 
same amount of useful light. | 

This system is extremely simple. Only two parts are essen- 
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tial: the light-giving tube and the terminal box. We are so 
thoroughly familiar with the ordinary incandescent lighting 
system that it is hard for us to realize that it has become really 
very complicated with its hundreds of different devices. Its 
most enthusiastic supporters a few vears ago would have de- 
clared the present conduit svstem as entirely prohibitive, es- 
pecially when concealed. But now almost all of it can be elim- 
inated by simply installing a light-giving tube, even after the 
decorations have been completed, as was done in the last few 
davs in this room. 

Architects have long considered electric wiring problems one 
of their most vexatious burdens. Now a terminal-box can be 
used as a center of distribution from which there radiates a 
number of long tubes to illuminate portions of the same floor, 
or extend to floors above or below. А tube provided with a 
reflecting enamel on one side is a far simpler device for lighting 
show windows than the extremely cumbersome combinations of 
rows of incandescent lamps with mirrored reflectors in sheet 
metal troughs, etc. This tube system has no complicated 
mechanism like arc lamps, for example, but instead the only 
moving part is the displacer of the feeder valve which in its 
design is about as near being frictionless as is conceivable. 
Normally, its movement 1s less than 1/32 of an inch, and some of 
these valves have required no attention and yet have been in 
active use over 4000 hours. Thev should continue to operate 
an indefinitely long time. 

As a scientific instrument this automatic valve is another 
combination of ruggedness with marvelous sensitiveness, in 
which respects it resembles a telephone receiver. The very 
nature of this system 1s such that the liability of a normal tube 
being broken is very slight; yet in case of accident a new piece 
of tubing can be quickly and cheaply inserted. The ideal and 
rapidly approaching final position of such a tube is against or 
almost against the ceiling, the illumination then most closely 
resembles light coming from the sky. But many users, notwith- 
standing the high efficiency of the tube light, desire to reduce 
their bills still further by using a less number of hefners per 
foot, and support the tube on long fixtures. When a tube is 
cracked or broken the inrush of air of course instantly ex- 
 tinguishes the light, but the electrical apparatus is in no way 
disturbed. | 
- This is a hardy piece of apparatus, not a delicate mechanism 
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like the incandescent lamp. Glass ‘tubing properly supported 
is far stronger and more flexible than most people realize. The 
voltage on a tube’s terminals can either be raised or lowered 
without harming in the least either its life or its efficiency. The 
conductivity and light of these tubes are practically unaffected 
by temperature changes, especially those emitting yellow light. 
Another installation which depicts a quality of this light pe- 
culiarly and exclusively its own is fifty feet of tubing skirting 
the bottom of a large aquarium. The fishes are not disturbed 
in any way by its presence; that is, neither by shocks nor by heat. 
Neither moisture nor fumes affects these tubes. There is no 
multiplicity of sockets and wires to become damaged or short 
circuited and the tube can be most easily cleaned. 

The light-giving tube itself is harmless either to life or prop- 
erty. The terminal box is made of steel with a slate bottom 
so that even though the small transformer within it should com- 
pletely break down, smoke only would result. It is impossible 
for the exterior of the terminal box to get hot enough to set 
fire to anything. It is carefully designed so far as ventilation 
is concerned, and is always mounted so that there is an air- 
space all around it. With this loop tube system, aside form 
the ordinary short feed circuit, there is no part of it to be 
classified as a ‘‘risk’’ since all of the purely electrical appar- 
atus is securely contained in a fire-proof terminal-box. 

Fig. 17 shows the terminal-box, but it also shows, inad- 
vertently, though most strikingly, the contrast between the 
simplicity of the:tube and the complexity of the network of 
wiring on the ceiling which it has supplanted. 

Owing to the high efficiency of the tube and the large area, 
from which any heat accompanying the light can radiate, the 
temperature of the tube is remarkably low, being in the neigh- 
borhood of 100° fahr., therefore it cannot injure either perish- 
able goods or the health of those working underit. In basements 
for instance in summer time, the fact that only about one sixth as 
much heat is dissipated as would be if incandescent lamps were 
used is a matter of prime importance to the problems of ven- 
tilation, etc. It was of much scientific interest to note that 
tubes at the same degree of vacuum with the same amperage 
flowing produced a widely varying quantity of light as the kind 
of gaseous-conductor was varied and that the temperature of 
the tube was higher with the gases producing the most light. 

This system, from a number of standpoints possesses great 
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flexibility. This is illustrated, so far as the distribution of the 
tube is concerned, by Fig. 18, which shows the layout of tubes 
on the mezzanine floor of a public building office. These re- 
markably varied shapes and lengths are due to the necessity 
of light being located to suit each particular desk, table, set of 
files, etc. Since tubes can be made of any diameter and form, 
the artistic possibilities of electric lighting are multiplied many 
fold. 

Flexibility is again demonstrated by the facts that the in- 


Fic. 17—Exterior of terminal-box 


tensity and also the color of these tubes can be varied over 
wide ranges. The higher refinement of the art of illumination 
is bringing into view more and more prominently the color of all 
light sources. Not their individual colors, however, but the 
color values they give to surrounding objects, is fast becoming, 
next to efficiency, the most important fact in connection with 
any light. This light is the first and only illuminant the color 
of which can be changed at will over a wide range. This is 
accomplished by changing the character of the gas within the 
tube. Ifa tube is permitted to feed itself on plain air, an efficient 
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pink light results, but if the air is first caused to pass through a 
cylinder of phosphorus to absorb its oxygen a golden-yellow 
light is produced that is the most efficient light source known. 
When operated at higher intensities than 12 hefners per foot, 
and viewed in line with incandescent lamps, it is apparent that 


Fic. 18 


the colors are about the same as well as the color values of all 
objects viewed under it. 

Although our firm purpose should always be to imitate day- 
light, nevertheless its color values are not constant quantities 
at different hours of the day. Fortunately, the spectrum and 
color values resulting from the use of carbon dioxide gas as a 
gaseous-conductor in a clear glass tube should be decided upon 
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by scientific societies as accurately representing average diffused 
daylight, not direct sunlight. It will finally be recognized as 
the only standard of light. Specifications can be drawn and 
adopted which will enable the accurate reproduction of such 
a standard at will. Already all of our present so-called primary 
standards are acknowledged as being too red, but such a vacuum 
tube as a standard will have a color value which will remain 
perfectly satisfactory so long as daylight lasts. Further than 
this these specifications can be made to determine with great 
accuracy a definite intensity. We thus have a primary standard 
as regards both color and intensity. 

When these tubes are supplied with C O, they appear pure 
white. Most inexperienced persons, especially when contrasting 
the tube light with reddish lights, criticize the color as being 
too blue without realizing that daylight is a decidedly bluish- 
white. Тһе laws of nature make the operating expenses of the 
pure white light tube almost double that of the yellow-light tubes, 
because the eye is effected to a maximum degree by yellow rays, 
But the white tubes which simply contain C O, have been used for 
over a year by stores in their ribbon departments for matching 
colors, day and night, because its spectrum remains absolutely 
constant. There are many other industries where color values 
are of vital importance. Also, since the color factor is now 
under perfect control, those light rays can be scientifically 
selected which are essential for the forcing of all kinds of plant 
life, flowers, fruits, and vegetables. The color of the light can 
be varied by feeding the tube any gas as each has its own spec- 
trum, or by using multiple valves, etc., mix various gases 
within the lighting tube itself. White tubes are daily 
being put to most vigorous tests at the works of one ofthe 
largest silk dyeing establishments in this country, but no differ- 
ence can be detected in the most delicate shades when matched 
either under the tube or in average natural daylight. For some 
time past artists have been mixing their colors at night under 
the white tubes. Portrait photographs are also being made 
under it that equal those of natural light. Since the yellow tube 
light 1s about the same as that of the incandescent lamp it is 
being used successfully by clothing merchants and florists. 
Also on account of its uniformity of intensity it has proved 
its superiority for photographic printing. А 

It is interesting to note how different the same tubes lighting 
an ordinary store window appear in the afternoon when the 
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sun is shining and after seven o'clock at night. The tubes 
that are yellowish white at night time appear orange colored 
during the day, and the tubes that are a pure and dense white 
at night appear a pale blue during that day—in fact if exposed 
to brilliant daylight no light can be seen in them at all. 

Users can obtain the exact quantity of illumination desired 
on a given area more easily than with any other system, because 
without changing the tube its intensity can be varied without 
loss in efficiency. 

This light could be used in subways and tunnels, in which 
cases the terminal-boxes would be eliminated and miles of 
tubing in 100-ft. lengths placed end to end and operated in 
. parallel directly from the adjacent high-potential mains. The 
eyes of the motorman would then be subject onlv to a light of 
definite intensity and color. 

Art galleries, surgical operating tables, exterior illumination 
of ferryboats, street lighting, shop show-windows, advertising 
signs—all these and many other industrial and artistic en- 
terprises will be vastly benefited by the application of this 
tube light. 

It is believed and hoped that the ideas advanced in this 
paper are simply in the direction of progress: that, aside from 
all theory. the facts show that electric illumination resulting 
from incandescent gases or vapors has vastly less limitations 
because their molecules or atoms are free to vibrate while those 
of solids are not, and therefore at the high temperatures nec- 
essary are subject to rupture: that ''the signs of the times "' 
clearly indicate that we have reached the beginning of the end 
of lighting by solid conductors and the end of the beginning of 
lighting by gaseous-conductors. 


- 
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DiscussioN ON “ ELECTROLYSIS," AT NEw Yong, Marcu 1, 1907 
(Subject to final revision for the Transactions.) 


L. B. Stillwell: The results of Mr. Hayden’s comprehensive 
and painstaking tests are particularly gratifying to all interested 
in the extensive use of electricity for railway purposes. While 
they show, however, that the electrolytic damage to sub- 
surface metallic structures which alternating currents are 
liable to cause is practically negligible under ordinary circum- 
 stances, they illustrate also the fact that here, as elsewhere, 
special conditions may exist which call for the adoption of 
preventive measures. The method of protecting cable sheaths 
which Mr. Hayden suggests is ingenious and interesting. Quan- 
titatively considered. however, his results indicate that it 
wil rarely be necessary to adopt his plan of superimposing 
à continuous potential upon an alternating potential. 

' Mr. Knudson's paper and that of Mr. Rhodes have to do 
with electrolysis by continuous current. This subject is an old 
one and in the nature of things it is always with us. Unfortu- 
nately in its discussion the lawyer generally has been rather 
more prominent than the engineer. Too often also the engi- 
neers who have been retained by one or the other parties inter- 
ested in litigation or threatened litigation, over actual or al- 
leged damage by electrolysis, have approached the subject from 
a radically partisan viewpoint. Engineers representing the 
owners of water pipes or gas pipes have seriously recommended 
that street railway companies should be compelled to provide 
complete metallic circuits for their current, absolutely insulated 
from rails and ground. On the other hand, strset railway 
companies, in many instances, have installed their plants appar- 
ently with absolute disregard of the effect of stray current upon 
the property of their neighbors; even going so far as deliberately 
to connect their track return to lead serv ice pipes wherever 
opportunitv offered. 

Engineering is applied science; science is knowledge of facts. 
Nowhere better than in the meetings of this Institute can the 
essential facts ascertained by experiment or deduced by correct 
theory be discussed frankly and fairly, and nowhere better can 
engineering methods minimizing or preventing damage be 
worked out in a spirit of fairness to all concerned. 

In the suit of the city of Dayton against the street railway 
company for alleged damage to water pipes owned by the city, 
Judge O. B. Brown in rendering his decision admirably stated 
the rights and duties of the respective parties in the following 
words: 


The use of the streets for water works purposes is obtained by legis- 
lative authority. The right of an electric railway to use the streets is 
from like authority. Each of these uses is beneficial to the public 
and each is entitled to use its respective rights, without interfering 
with the other, and it is clear that no conflict can occur between the two 
if each would remain within its own sphere and exercise its powers with 
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due care and prudence. It is not necessary.in arriving at a proper 
decision in this case to determine which should give way to the other. 
Both are legal and both are improtant and of almost equal necessity 


to the inhabitants of the city. 
* ж * * ж ж ж ж ж 


Each should exercise its functions for the general good, exercising due 
care not to interfere with the duties and rights of the other. 


There can be no question that in many of our cities and 
towns damage due to electrolysis is in progress which might 
be prevented by reasonable application of known principles and 
methods. That the prevention is not employed is due, in part, to 
our engineers, but perhaps still more to the general unwillingness 
of the management of electric railway companies to spend money 
in preventing damage which is not seen. This unwillingness 
to incur expenses in correcting conditions not realized by the 
executive management of the companies is naturally to be 
expected. The duty of the engineer is to exercise his influence 
to secure a realization of the fact that an ounce of prevention 
is worth a pound of cure, and to induce his client to take timely 
precautions to protect the interests of his neighbors, and, by 
so doing, to protect his own. 

Mr. Rhodes' paper is an excellent theoretical discussion of 
the possibilities of an apparatus probably destined to do much 
more work in the future than it has in the past. Properly ap- 
plied, it is of the greatest value in minimizing electrolytic dam- 
age under certain conditions. The plans of the Hudson Com- 
panies contemplate the use of boosters to prevent possible 
electrolytic damage to the metallic shells of the tube tunnels 
destined to connect the Borough of Manhattan and the New 
Jersey shore. The Interborough Rapid Transit Company 1s 
also proposing to use them for a similar purpose in connection 
with its tunnels under the East River. 

While the papers of Messrs. Hayden and Rhodes are con- 
vincing and of special value, that of Mr. Knudson would seem 
decidely to require revision of methods employed before satis- 
factory conclusions can be drawn. As regards Fig. 6 of this 
paper, the method employed; namely, the increase of potential 
to keep current constant, notwithstanding the apparent tendency 
of the reinforced concrete to protect itself, seemingly makes the 
conclusions reached of little value. Мо proof whatever 
is presented that the splitting of the concrete blocks 
was due to electrolytic action, as no effort had been made to 
exclude other possible causes, for example, expansion due to 
chemical change in the concrete itself. It is important to 
ascertain the facts as regards electrolvtic corrosion of iron or 
steel in concrete, but the paper as presented fails to establish 
them 

Frank N. Waterman: We all know that electrolytic phen- 
omena are so essentially mysterious to the average mind that it 
is almost impossible for the public to distinguish between true 
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statements and false. Electrical engineers should, therefore, be 
extremely cautious about making statements that might mis- 
lead the layman. It 15 therefore peculiarly important that the 
discussion of the subject by the INsTITUTE should be careful and 
scientific, since its atterance will be regarded as authorita- 
tive. The papers by Messrs. Hayden and Rhodes are most 
gratifying in this respect, but the paper by Mr. Knudson 
contains much that cannot be considered as the last word 
on the subject. 

Iron encased in concrete is like a battery electrode in a 
porous cup so far as insulation is concerned; of course cur- 
rent can be sent through it, and it can be made to take iron 
with it. Cement as a protector of iron acts both mechan- 
ically and chemically. If a current is introduced into the 
midst of it no protection is to be expected, unless by chemical 
action with the initial products of the decomposition a protective 
or highly resistant coating is formed which will restrict the flow 
of current. In Mr. Knudson's paper five samples of cement were 
used, but the author has not told us about the physical or chemical 
properties of the cement, how long it had been cast, or its age 
or condition when cast. Whether it contained free lime tending 
to make it develop expansion cracks, or whether its constitution 
predisposed it to shrinkage cracks, are not set forth. These facts 
are important, and should be carefully considered in accounting 
for the cracking of the blocks. 

I should like to know the condition of the iron surfaces before 
weighing and casting—whether they were turned or filed bright 
or were coated with oxide grease and dirt; and, too, did the same 
person that did the original weighing do the final weighing? 
And how was the cement removed from the iron surface? It 
appears that the coating on the surface was not dissolved off 
but was scraped, in the case of the samples subjected to current, 
while the single specimen not subjected to current was not 
scraped. Therefore, I think it would be interesting to learn 
how much of the material set down as loss was original oxide 
and dirt, how much was natural corrosion, and how much good 
iron filings? The maximum depreciation as given is about 1.5 
02. in 3 lb. 7 oz., or less than two-thirds of the expected loss. 

In the passage of current through the samples, Mr. Knudson 
says that a constant current was sent through, the voltage being 
remorselessly raised 1400% to effect the result. It seems to 
me that the raising of the voltage to that extent would in itself 
baffle the efforts to determine the utility of cement as a protector. 

We are told that the cement cracked, it would be interesting 
and valuable to know whether a current will have such an effect 
on cement and if so to what particular action or influence it is 
due. 

Fig. 6 suggests that the samples subjected to current very 
soon began to protect themselves, and that to maintain the cur- 
rent flow the voltage had to be raised to 42 volts, or 14 times the 
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minimum energy ; thatis,to 4.2 watts. Thesurface of the pipe was 
about 0.45 sq. ft. or about 9.5 watts per square foot of iron if 
the resistance was concentrated at the surface. In the case of 
the salt-water specimen it seems that the voltage was increased 
5.5 times. 

Were these tests made ith regard to temperature or the rise 
of temperatue due to the current? This, I think is worth 
considering, as the energv was so large as to cause foaming and 
evident heating. 

So far from indicating that iron encased in concrete will be 
injured in practice, these curves seem to suggest that had the 
samples been subjected to anything like natural conditions they 
would promptly have protected themselves against damage. 
Under such conditions, voltages are not raised to many times 
normal values in order to force a definite current through; 
temperatures are kept at low and relatively constant values, 
the opposite electrode is not usually brought up to within a few 
inches of the iron, and the current concentrated along a radial 
line through the concrete as in these experiments. 

If iron will protect itself against electrolytic action when 
encased in concrete, as the paper seems to indicate, the fact 
is interesting and important. If, on the other hand, it will not 
be materially protected, that fact isalso interesting and important. 
But the paper gives us no basis for a positive opinion. The 
measurements seem to indicate that the iron will tend to protect 
itself, but unfortunately the method of experiment makes it 
quite impossible to say whether it will or not. 

The author's conclusions on these experiments are most 
sweeping. Thus he concludes: 


If but a small fraction of an ampere of electricity passes from an 
interior metallic column or structure into concrete or masonry as usually 
made, there wil be corrosion of the metal and disintegration of the 
concrete or masonry. 


` 

What the author calls a small fraction of an ampere amounted 
in fact to nearly 0.25 ampere to the square foot, or for the sake 
of comparison to 5,000 amperes per mile of 30-in. water main; 
in other werds, a current which is extremely large compared 
with those likely to exist in practical conditions except under 
very exceptional circumstances. There does not seem to be any 
ground for the assumption that the current had anything to do 
with the cracking of the concrete, much less that it would under 
practical conditions have such an effect. 

We are shown a picture of a corroded water-meter, but just 
what a corroded water-meter has to do with the subject of the 
paper is not quite clear. That an iron shell resting on the earth 
floor of a damp cellar for a sufhcient period will be destroyed 
whether there is electric current in the neighborhood or not, is 
well known. Not the slightest proof 1s offered that this sample 
was in any way affected by current. 
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One thing in Mr. Rhodes’ paper seems to me a very picturesque 
way of stating what all of us have encountered; namely, the 
enormous quantity of copper required appreciably to reduce the 
drop where the feeders parallel the track. The unit which he takes 
is the weight of copper of conductivity, equal to that of the 
rails. It is an impressive thing when one has had occasion to 
figure what that means. The natural result in such cases, where 
reduction of drop is necessary, is the negative booster. Un- 
fortunately, we do not deal with the negative booster on the 
simple lines ofthe paper. Wearenotgivenroads which run straight 
from the power-house, and are uncomplicated by branches 
or network. Some systems can be reduced to a plurality of 
such lines, but the majority will involve a more orlesscomplicated 
network. The distribution of current in a network is deter- 
mined by constantly changing bond resistances, particularly 
where special work is not kept up. The negative booster offers 
an extremely interesting possibility in that connection. It 
gives the means, with reasonable watchfulness, of controlling 
the distribution of current in that network. The paper dealing 
as it does only with the single-trolley line, naturally does not 
bring that out. It shows the enormous gain in respect to 
reduction of earth currents, but does not show the other possi- 
bility of the negative booster; namely, the control of the dis- 
tribution of the return current in the network, which is a feature 
in many cases of very great value, particularly in making it 
possible to reduce to a minimum the track drops in those regions 
where such current, as has escaped to the earth, is returning to 
the rails, thus giving a current density of minimum value in the 
pipes, at points where current is leaving them, that is where they 
are positive to the rails. 

Paul Winsor: We think we have a pretty good railroad in 
Boston; well bonded, a good deal of return copper, and we fol- 
low it pretty closely. But in certain places we have Lad con- 
ditions; the trouble we have had, unknown or unlooked for 
trouble, has taken place near the Harvard power station, where 
there is a marsh of salt water, and byond which, about a mile 
away, 1s the first car track in that direction. А large number 
of water mains are located nearby, bvt a careful study of the 
situation has reduced the electrolytic trouble most mate:ially. 
The telephone company have taken great pains to survey their 
cables, and when they find a place where they think there is 
danger of electrolysis, they consult with our engineers, and we 
put in either a negative feeder or a connection to our rail. This 
removes the trouble. On our own cables we have cut the 
еа in many places, made special connections, and gotrid of 
the trouble. The Metropolitan Water and Sewerage Board 
have some large pipes running into Boston. We studied the 
matter carefully with them, and finally put eleven insulating 
Joints in those pipes. Some of the joints are of 1ubber, and 
some are of wood, ordinary bell and spigot joints, with $ in. to 
1 їп. of pine calking. 
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Some time ago we made some experiments in operating cer- 
tain portions of our road on the three-wire system. Some of 
the data we got regarding the current in the neutral back to the 
station; that is, the return currents through the rails and under- 
ground structures, seem to me of interest in connection with 
the present discussion. As we thoroughly appreciate the prac- 
tical difficulties of operating stations on a three-wire system, 
the matter is not offered as a panacea for the cure of elec- 
trolytic troubles, nor even asa practical method of operating; 
it is offered simply as of interest in the general discussion. Mr. 
Corning will present this part of the discussion. 

J. W. Corning: A few years ago in connection with the study 
of some power problems on our system, Mr. Winsor suggested 
that we investigate the feasibility of using the thiee-wire sys- 
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tem. Some experiments were made, and in view of the papers 
to be presented this evening it was thought that a part of the 
results obtained would be a matter of interest to thé members 
of the Institute. These results appear in graphical form in 
Figs. 1 to 15. 

Our system is supplied with power from ten power stations 
and is divided into upwards of 70 feeder sections. In order 
to explain these results more intelligently, I will call your 
attention to Figs. 14 and 15 comprising nine of these feeder sec- 
tions fed by the Harvard Power Station in Cambridge. You 
will notice from these maps that the dash lines indicate the 
boundaries of the feeder sections, the numbers of which appear. 
The heavy lines indicate tracks. Passing through this district 
from one side to the other will be seen depicted some 48-in. 


water mains The power station location is indicated by the 
star (*). 
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We operate on the two-wire single-trolley grounded-return 
system. Fig. 14 represents the ordinary relation between feeder 
sections with this system. Referring now to Fig. 15, it will be 
noted that certain of the feeder sections have been shaded. 
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In the experiments referred to these sections were supplied 
from this power station by current from a generator connected 
in three-wire relation with the rest of the station. No line 
change was made in the feeder sections beyond installing an 
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additional set of insulating joints in the trolley wire at the 
points of intersection of positive and negative sections. 

For the purpose of our investigations, test-wires were run 
from the power station in three directions for a distance of 
from 1.5 to 2.5 miles, and simultaneous readings taken at 
several points along the !ine, under both two-wire and three- 
wire operation. The observations that are interesting in con- 
nection with the subject this evening are: 

a. Return drop, 

b. Potential difference between pipe and rail. 

c. Current flowing on pipe. 

The observations under two-wire and three-wire operation 
were taken about two hours apart for a period of one-half hour 
each, the endeavor being to have the loads on the individual 
feeder sections as nearly as possible the same throughout both 
sets of observations. 


MILES 


Fig. 1 shows the return drop to the power station fion a 
point about 2.25 miles distant, under two-wire and three-wire 
operation. As before stated, the results are averages of readings 
taken at intervals of 10 seconds throughout a period of 30 
minutes. The load on the shaded sections of Fig. — under 
two-wire and three-wire operation are as shown in the following 


table: 
TABLE 1 


Averuge load on section. 


Section. Two-wire. | Three-wire. 
70 246.0 ; 222.0 
71 183.6 | 133.2 
73 263.6  , 251.9 
90 | 413.0 411.0 
91 ' 271.0 | 249.0 
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From this table it will be seen that the conditions with re- 
spect to load are almost identical in both cases. It will be 
noted that the return drop under two-wire operation, repre- 
sented by the full line, was reduced to that under three-wire 
Operation, represented by the dash line, the drop throughout 
this length being reduced by about 83%. 

Fig. 2 gives the results of a test which was repeated on an- 
other day in which practically the same results were obtained. 
The following table gives the loads in the several feeder sections: 


— MÀ — — ie en — M ee ee 


Average load on section. 


Section.  Two-wire. | Three-wire. 
40 | 278.3 305.2 
71 196.9 303.2 
73 272.6 275.0 
90 488.0 516.0 
91 325.0 339.0 


Totals..... | 1560.& 1738.4 


Fig. 3 gives the potential relation between pipe and rail along 
the line of the first test-wire. The full line represents the 
relation under two-wire operation, and the dash line the rela- 
tion under three-wire operation, values above the zero line re- 
ferring to positive condition of pipes and those below the line 
to negative condition of pipes. It will be seen that the high 
reading obtained near the power station has been reduced very 
materially, although at the same time the pipe has been ren- 
dered positive throughout the whole length under consideration 
by a gradually decreasing amount. The loads in the several 
shaded feeder sections under two-wire and three-wire operation 
while the above test was being made are shown in Table 3. 


TABLE 3 
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Average load on section. 


Section.  Two-wire. Three-wire. 
70 245.2 266.6 
71 145.2 159 
73 231.0 205.2 
90 524.0 527.0 
91 378.0 329 
Totals..... 1523.4 1607.0 


Figs. 4, 5, 6, and 7 give results obtained along the second 
test-wire. Figs. 4 and 5 show return-drop relations on two 
different days. The current relations in the several shaded 
feeder sections for Figs. 4 and 5 are as shown in Tables 4 and 5 
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TABLE 4 


Average load on section. 


i Section. Two wire. Three-wire. 
70 215 208 
71 136 149 
73 241 202 
90 480 454 
91 266 300 
Totals TD 1338 1373 
ТАВІЕ 5 


— € —À 


Average load on section. 


Section. Two-wire. Three-wire. 
70 | 224.6 | 181.9 
71 152.6 ' 134.6 
73 232.4 | 232.6 
90) 455.6 464.0 
91 | 264.0 | 302.0 
Totals..... 1329 2 | 1315 l 


Attention is called to two sets of results, in each case under 
three-wire operation. While the upper set of observations was 
being taken, section 70 was feeding in the usual manner ; whereas, 
while the lower set of observations was being taken it was fed 
from the other side of the three-wire system. 

Figs. 6 and 7 show the potential relations on the pipe along 
the line of the second test-wire under two-wire and three-wire 
operation, and it is clearly seen that in these cases the potential 
differences between pipe and rail have been almost eliminated. 
The load relations of the sections while these observations;were 
being taken are shown in Tables 6 and 7. 


TABLE 6 


Average load on section. 


——— — ám 


Section. |! Two-wire. | Three-wire. 
70 | 234 199 
71 | 113 111 
73 | 284 285 
90 445 404 
91 | 249 277 


Totals..... | 1325 1276 
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TABLE 7 


Average load on section. 


Three-wire. 


Section. i Two-wire. 
70 | 205 267 
71 | 190 199 
73 301 | 235 
90 | 488 536 
91 384 | 370 
ТОВА гы | 1568 | 1607 


Fig. S gives the return drop along the line of the third test- 
wire. While the three-wire svstem was in operation, section 
70 was fed part of the time from one side and the rest of the 
time from the other. The results are as shown. It will be 
seen that the return drop in this case was practically wiped out, 
the three-wire potential curve practically coinciding with the 
zero line. The effect of reversing section 70 in this case was 
not as great as it was in the last instance, but is just noticeable. 
The load on the several sections while these results were being 
taken is shown in Table 8: 


TABLE 8 
Average load on section. 


Section. ' Two-wire. Three-wire. 


10 | 280. 321 
i1 ld Wee 199 
73 эң) 236 
90) 627 600 
91 372 380 
Totals..... | 1735.6 4 1736 


Figs. 9 and 10 show the effect on the pipe potential in this 
district of three-wire operation as compared with two-wire 
operation, and similar relations of potentials are observed as 
have been observed in the previous cases. 

I would now call vour attention to Figs. 11, 12, and 13, 
which show readings of current flowing on the large mains 
which traverse the district in question under two-wire and 
three-wire operation. These readings were taken for a period 
of 30 minutes at intervals of 10 seconds. It will be seen in 
Fig. 11 that under two-wire operation the average current flow- 
ing on the pipe was 42.8 amperes, with a maximum of 70 am- 
peres. Under three-wire operation this current was reduced 
to an average of 6.3 amperes, and a maximum of 20 amperes. 
On Fig. 12 an average current of 106 amperes, with a maximum 
of 155 amperes is reduced by three-wire operation to an average 
of 16.5 amperes and a maximum of 55 amperes. In Fig. 13 an 
average current of 51 amperes, with a maximum of 70 amperes 
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under two-wire operation, is reduced by three-wire operation 
to an average of 6 amperes and a maximum of 20 amperes. 
The results in each one of these last three figures were taken 
at a different point on these pipes, the current being calculated 
from the resistance of the pipe, and the potential drop along 
ae md инна ыны : 


hdi ра 4 -] 


| 


a single length, not including joints. In the case of the three- 
wire operation the averages given are averages of all observa- 
tions, those below the line being taken with a positive sign. 
In these three cases the three-wire operation shows a reduction 
in current flowing on the pipe of 85, 85, and 88% respectively. 
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S. M. Kintner: It is satisfactory to find that the results of 
Mr. Hayden’s tests agree with the results of tests that I made 
some two or three years ago.* I made tests quite similar to 
those reported by Mr. Hayden, though not so many different 
kinds of solutions were tried. The laboratory tests showed the 
following results: | 

1. That the loss was not directly proportional to the ampere- 
hours, as repeated weighings of the same plates after equal 
ampere-hours of current action failed to show equal losses. 

2. That the shape of the plates had a very decided effect 
upon the results obtained, the edges being by far the most 
active part of the terminals. The best results were obtained 
with terminals mounted so as to form two sides of the box con- 
taining the electrolvte, the rest of the box being of impregnated 
wood. The terminal plates were approximately six inches 
square. 

3. That it was necessary to have a duplicate cell for every 
one subjected to the alternating-current electrolysis, the du- 
plicate being used to determine the chemical action alone. 
Attempts to reduce the corrosion loss to so much per unit sur- 
face, and thus correct for losses in various size cells, gave very 
inconsistent results. 

4. That the loss on the so-called '' gain plate " of a cell in 
which a sodium chloride solution and iron terminals were used, 
when subjected to the action of a direct current, was greater 
than the losses сп similar plates subjected toalternatiny currents. 

5. That the residue in cells, such as the last described, showed 
a very marked difference when analyzed chemically. Thean- 
alyses of residue for the cells subjected to chemical corrosion 
only, and those subjected to the alternating cur-ent action, were 
very similar, while that of the direct current cell was verv dif- 
ferent. 

Laboratory experiments in which cells were used were car- 
ried on for several months, with results somewhat similar to 
those obtained by Mr. Hayden. The broad general conclusions 
reached were that: 

a. For iron and steel there was in general little or no loss 
greater than the chemical corrosion. 

b. But for lead and tin-lead, such as employed in cable sheaths, 
there was a slight loss which varied from one quarter to one half 
of one per cent. of what would be obtained from direct current 
under similar circumstances. 

A long-time test was then undertaken in which pipes of 
from 4 to 6 feet in length were buried for a period of one year. 
During all this time an alternating current of 25 cvcles and 25 
volts was applied between each pair of pipes. In this test, 
pairs of pipes of wrought iron, cast iron, and lead were used. 
Each pipe was carefully weighed and marked before it was buried, 


, 


*Electric Club Journal, November, 1905. 
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and was weighed again after one vear'stest. Thelossesin weight 
of the several pipes were not materially different, it being on 
the average the same for the pipes subjected to the alternating 
current as for those subjected to corrosion only. It is 
believed that a test of the kind just mentioned is much 
more representative of operating conditions than any that can 
be carried out in a laboratory. 

Careful visual inspection of the pipes as they were removed 
from the ground failed to show any difference between those 
subjected to the alternating currents and those which were not. 

Referring to Mr. Hayden's conclusions regarding the electro- 
lytic effect of current densities in amperes per square foot, I 
think that the current densities mentioned by Mr. Hayden are 
very unlikely to exist in actual service. I found that it re- 
quired about 260 volts to force only 30 amperes of current 
between two terminals each of 20 square feet of surface. The 
terminals were only 6 feet apart and the earth was exceedingly 
moist; the water was also very impure, as a large part of it 
was surface drainage. Another test with similar size terminals 
placed in a less favorable location gave only about 7 amperes 
for 260 volts. 

It is the writer's opinion that the alternating current, so 
far as practical service conditions are concerned, will not cause 
serious electrolytic damage to pipes. 

Calvert Townley: With reference to general electrolytic 
problems, I think we have all been too much afraid of them. 
When attacked with the same vigor that is commonly brought 
to bear on other problems connected with the generation and 
distribution of electricity, electrolytic questions show them- 
selves no more difhcult of solution. While not desiring to be- 
little the damage which may occur from neglect to take 
proper precautions against the electrolytic action of direct 
currents, I do think it is time to discourage giving them 
disproportionate importance, and timidity in their handling. 
The public has been led to believe that electrolysis going on 
secretly and continuously under our feet is much to be dreaded; 
but if those who have to do with underground structures liable 
to electrolvtic attack, and those who have to do with the gen- 
eration of current which is likely to attack such structures, will 
jointlv take pains to ascertain bv suitable measurements what 
the existing conditions are, and will take such reasonable pre- 
cautions to minimize the troubles as the state of the art per- 
mits, I believe that the seriousness of the situation will be 
largely, if not entirely, eliminated. As engineers, our efforts 
should be to bring the facts before all interested parties, and 
let it be known that, treated intelligently and carefully, electro- 
lytic troubles can be largely prevented. 

I get much encouragement from Mr. Hayden's paper. Ihave 
not known much about alternating-current electrolysis, but 
have had a general feeling that it was insignificantly small. 
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Mr. Havden's paper, as well as Mr. Kintner's discussion, gieatly 
strengthens this feeling. As far as I know, there is vet to be 
reported the first case of trouble anywhere in practical service 
from electrolysis due to alternating currents. 

I understand that in protecting the lead sheathing of their 
cables from direct-current electrolysis, the telephone companies 
have adopted a method which they have found to be entirely 
satisfactory; namely, where the cable is positive to the return 
circuit they connect the lead sheath of the cable to that circuit 
bv a metallic conductor or bond, so that anv difference of po- 
tential that may exist between the lead sheath and the return 
circuit is practically eliminated. No attention is paid to the 
sheath where it bears a negative relation to the return circuit; 
that is, where the tendency of the 1eturn current is to flow 
from, say, the rail of a trollev road to the sheath. But where 
the tendency of the current is to flow from the sheath to 
rail, and electrolytic damage may occur in consequence, a bond 
is inserted. Now the tendency to flow from sheath to rail is not 
concentrated at any one point. The positive relation frequently 
extends over a considerable area, although practice has shown 
that electrolytic damage may be prevented bv theinsertion of a 
bond only at some one central location. Obviously,it follows, 
therefore, that the additional drop in the lead sheath from the 
outlying territorv of the positive area to the central bond can 
be neglected, although in many cases it must represent an 
appreciable potential. Mr. Hayden has shown that under the 
most unfavorable conditions, alternating-current electrolysis 
will not exceed one per cent., and will seldom equal as much 
as one-half of one per cent. of the electrolvtic action of the 
direct current of like volume. 

In the light of the foregoing, then, it becomes pertinent to 
inquire whether the total tendency towards alte. nating-current 
eletrolytic action is any greater than the residual tendency for 
such action from direct currents in outlying parts of the pos- 
itive district, and which it has been found are practically negli- 
gible. I think we can all take a great deal of encouragement 
from the very small amount of electrolytic action found to take 
place under the most unfavorable conditions of Mr. Havden's 
test, and from the interesting comments contained in Mr. 
Kintner's discussion. 

George F. Sever: It is fortunate that we should have so 
valuable a discussion on this subject from Boston, because our 
first real knowledge of electrolvtic troubles came from Boston 
some years ago thiough a valuable paper by Mr. Farnham.* 
He investigated this subject most thoroughlv in the interest 
of the telephone companv, and the West End Railroad of 
Boston, now the Boston Eleva:ed, assisted him materiallv in 
his investigation. Since that time, the subject has been very 


*' TRANSACTIONS, A. I. E. E., 1891, Vol. x., p. 191. 


580 ELECTROLYSIS [March 1 


carefullv followed up in Boston, as well as in many other places. 
If the interests in all other cities, such as New York, Philadel- 
phia, Chicago, St. Louis, and Pittsbuig, should study this ques- 
tion from an engineering standpoint, we would have but little 
contention as to the proper methods to apply in remedving the 
supposed difficulty. 

I speak from the standpoint of a municipal engineer, who 
finds in his city some isolated indications of electrolvsis. The 
engineer, whether he represents the water or gas interests, 
reports this difficulty, and possibly a suit against the local 
railroad company results. If the court reaches any decision, 
whatever it may be, there is no assurance that sub-surface con- 
ductors are not incurring further damage. ln my opinion— 
and I have carried this out in practice in the citv— the only 
way to handle the situation is for all parties in interest with 
their engineers to agree upon a policy, and to study the situa- 
tion carefully and together, and endeavor to reduce the diff- 
culty wherever it appears. I think we make too much of 
electrolytic troubles; I think those who stimulate this idea in 
the minds of engineers do not realize what electrical engineers 
can do to remedy the supposed difficulty. Some time ago 
the American Water Works Association published a long and 
int resting report signed by three eminent engineers, recommend- 
ing that every trollev road in the country be changed fiom 
the single overhead trolley system to the double-trolley system, 
as a sure remedy for electrolytic troubles. That interesting 
document is referred to in almost everv electrolvsis case; having 
the opinion of these three eminent engineers behind it, it is 
verv impressive to the authorities. I think the Institute 
should take some recognition of this report, to the end of point- 
ing out that the electrical engineer, in coóperation with the 
municipal engineers or water works engineers, can mitigate and 
cure the difficulty. In спе citv that I know of the 
watei system is supposed to be undergoing continuous damage, 
whereas the gas system owned by the city has not indicated 
that anv damage is occurring to its svstem. 

Mr. Havden's paper prompts me to cite the result of some 
tests and investigations made at Columbia University in 1904, 
on alternating currents as producing electrolvtic action. At 
that time we had available only 60-cvcle current. We arranged 
cells containing certain solutions such as sulphates, chlorides, 
carbonates, and nitrates of different metals, and passed current 
through them bv means of lead plates. From the results ob- 
tained we arrived at the following conclusions: 

1. That alternating currents can cause a slight electrolytic 
action. 2. That the 1ate of this action 1s very much slower 
than with direct currents of the same value. 3. When insoluble 
or semisoluble salts are formed, the rate of action with a given 
current strength decreases with the passage of time.. 4. That 
the resistance of the cell decreases with increasing current 
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strength for alternating current as well as for direct current. 
5. That the resistance is not only in the liquid itself, but par- 
ticularly in the contact layer where the electrode and electrolyte 
meet. 

Variations in the density of the current, or of the electrolvte, 
unless excessive, have no marked effect. Unless subsequent 
investigations shall bring to light differences likely to exist 
in the earth. in which corrosive action is more vigorous than 
between lead and thecommon salts ot the alkali metais—and no 
such combinations are known as applied to direct-current rail- 
way operation—the corrosive action of alternating currents on 
sub-surface metal structures may be assumed to be negligible. 
This investigation is being supplemented by a further one for 
lower frequencies, and I trust we shall be able later to teport 
the results of that investigation. 

Albert F. Ganz: The experiments described by Mr. Hayden 
show that with an alternating-current electrolytic corrosion 1s 
generally a very small fraction of that which would be pro- 
duced by a direct current of the same strength and under the 
same conditions. The action is explained by the statement 
that the corrosive effect of the positive half wave of current is 
not entirely reversed by the reconstructive action of the suc- 
ceeding negative half wave. The reason for this lies probablv 
in the fact that a portion of the products of the electrolysis, 
produced by the current during the positive half cycle, diffuses 
away so that the negative half wave of current does not quite 
reverse the action of the positive half wave. Since these rates 
of diffusion vary greatly with different materials, the per cent. 
of direct-current electrolysis produced by an alternating current 
varies greatly with different electrolytes. On this theory the 
effect of increasing the frequency would be to diminish the elec- 
trolysis. In general this has been found to be the case. The 
rate of diffusion of the products of electrolysis in the case of 
metals in the soil may also be governed by other conditions, 
such as by the amount of moisture present, temperature, etc., 
and this would seem to be so judging from the widely varying 
quantitative results which have been found by different inves- 
tigators. 

The suggested protective measure of superimposing a small 
direct current upon the alternating current so as to add to the 
effect of the negative half wave sufficiently to neutralize 
completely the corrosive action of the positive half wave 1s cer- 
tainly very interesting, but does not seem to me to be a desir- 
able thing to do in practice, as I understand the proposition, 
because it would mean deliberately to send a stray direct cur- 
rent through the ground and to have this enter the metal to 
be protected and return bv way of this metal. This stray 
direct current, while small in percentage of the alternating 
current to be counteracted, in its passage through the ground 
may in itself be a source of electrolytic danger to other under- 
ground metal. 
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Referring to Mr. Knudson's paper, the curve shown in Fig. 7 
is of importance inasmuch as it shows that concrete absorbs 
a considerable quantitv of water and becomes an electrolvtic 
conductor of comparativelv low resistance, so that a few volts 
of electromotive force between a metal imbedded in wet con- 
crete and the surrounding water or wet soil is sufficient to set 
up a current. It also explains why attempts to protect pipes 
from electrolvsis bv embedding them in concrete have failed. 

Mr. Rhodes’ paper brings out the very important fact 
that the disposing of return feeder copper is quite asimportant 
as the weight of return feeder copperused in the effort to minimize 
stray currents. The calculations given show clearly that the 
way to obtain a minimum of stray current from the grounded 
rails of a single-trollev electric road is to insulate the negative 
bus-bar, and to employ two or more insulated return feeders 
either so proportioned in resistance or provided with negative 
boosters as to produce equal potentials at their connecting 
points to the rails. This method results in minimizing the 
potential differences in the rails, and for this reason also mini- 
mizes stray currents from the rails. 

Mr. Rhodes àssumes that the only resistance encountered is 
the contact resistance between the rail and ground, which is 
on the safe side. as it gives values for the stray currents which 
are too large; as a matter of fact the soil, especially when dry 
and sandy, has considerable resistance. 

The question of electrolysis from stray railway currents has 
been very carefully investigated in Germany by a committee 
of the German Society of Gas and Water Engineers, who have 
already issued three annual reports. "Translations of these 
reports for the years 1904 and 1905 are published in abstract 
in the Report on Electrolysis of the American Gas Light Asso- 
ciation. The German committee have formulated a set of rules 
for electric trolley roads which are designed to prevent trouble 
from electrolysis due to stray currents. 

These rules require permanent bonding of the rails so that 
the resistance of the finished track does not exceed the resis- 
tance of an equivalent unjointed track by more than 20 per 
cent. They also require that the resistance between the rail 
return and the ground be made as great as possible and to this 
end forbid the deliberate grounding of the negative bus-bar 
and of any part of the return system. They also forbid the 
bonding of the rails to any underground pipes or other metals. 

Great stress is laid in these rules upon the installation of 
return feeders in such a manner as to minimize the rail poten- 
tials; the following five of these rules relate directly to the 
return feeders and I will repeat them here because they bear 
directly upon Mr. Rhodes' paper: 


3. Potential Difference in the Rail. Network. The potential difference 
in the rail network must be limited to a certain prescribed amount, 
which must not be exceeded with the greatest or most unfavorable 
loading of the return circuit. 
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The greatest permissible potential difference must be determined for 
each place separately, for it depends upon local conditions, such as the 
nature of the soil, the location and resistance of the pipes between points 
of highest and lowest potentials, the position of the pipes with respect 
to the rails, etc. In special cases, this greatest permissible potential 
difference may be different in different sections of a rail system. 

For the present this maximum permissible potential difference in the 
rail network may be taken as one volt; this figure to be the average of 
readings for ten minutes during a period of full load. 

4. Return Conductors. Where the rails alone are not sufficient for the 
return current, without allowing the potential difference to exceed the 
prescribed amount, extra return conductors must be provided. 

These return conductors must be so numerous and so planned that, 
in conjunction with good conductivity of the rail network, they prevent 
the potential difference in the rails from exceeding the prescribed amount. 

The points where the return conductors are connected to the rails 
should be located as far from the pipes as possible. 

The return conductors must be insulated and of sufficient size to 
return the current with only a small drop in voltage; so that, if an oc- 
casional change in the distribution of the currents occurs, no excessive 
difference in the potentials at the connecting-points of the return conduc- 
tors will be produced. | 

The return conductors should have a cross-section at least equal to 
that of the outgoing conductors; where conditions require a number 
of return conductors, it may be better to make them of larger cross- 
section than the outgoing conductors. 

6. Adjustability ој the Return Con.luctors. An essential condition 
for minimizing the potential diflerence in the rails, and therefore the 
stray currents, is that the potentials be equalized at all points where 
return conductors are connected to the rails. The resistance of each 
return conductor must, therefore, be proportional to the strength of 
current which it has to carry. For this purpose, each return conductor 
must be provided with an adjustable resistance (or negative booster) 
so that the product of current and resistance may be made the same for 
all return conductors. | 

7. Negative Boosters (Sucker Dynamos). Negative boosters are to 
be recommended, particularly for the purpose of automatically regulating 
the rail potentials at the connecting-points of the return conductors in 
districts where the return conductors are liable to be frequently or 
seriously overloaded. 

8. Controlling Arrangements. Test wires must be led to the distributing 
Station from all points where return conductors are connected to the 
rails, and from all points of relatively highest potentials in the rail net- 
work (points between two return connections and points at the end 
of the track). By connecting a voltmeter, it must be always possible to 
determine the potentials of these points in the rails. Arrangements 
must also be provided so that the current in апу one of the return conduc- 
tors can be measured at any time, etc. 


The laying out of a proper system of insulated return feeders 
has been frequently neglected in this country, and even where 
insulated return feeders have been intsalled they have only in 
rare cases been properly proportioned for equal drop in poten- 
tial. The usual method is to connect the rails with the negative 
bus-bar at the station with large copper cables, and in large in- 
stallations to run out additional return feeders from these bus- 
bars to points on the rails distant from the station. The drop 
in potential in each of these long return feeders establishes 
points of higher potentials in the rails at these connecting 
points than exist in the rails at the station. The tendency is 
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therefore for currents to leave the rails in these distant points of 
higher potentials, pass through the ground and buried metals, 
and return to the rails in the vicinity of the station. 

Great improvements in the ground тг +игп circuits could gen- 
erally be obtained in ‘most of our trolley roads if these rules 
were followed at least to the extent of insulating bus-bars, 
removing all bonds to pipes, and installing a properly propor- 
tioned system of return feeders. The use of adjustable resis- 
tances in the return feeders is not a practicable arrangement 
for the large currents generally used on American roads. The 
use of negative boosters as suggested bv Mr. Rhodes is, however, 
entirely practicable, and when applied with a judicious number 
of insulated return feeders will tend greatly to minimize stray 
currents. This is well illustrated by the curve in Fig. 8 of Mr. 
Rhodes’ paper, which curve shows the percentage of strav 
current with various numbers of return feeders, and is based on 
the assumption of equal potentials at the connecting-points of 
these return feeders. 

Mr. Rhodes says that very little is gained by using 
more than two return feeders. І do not believe that 
this is so on a large and extensive system. Referring to the 
curve in Fig. 8 it is seen that three return feeders will reduce 
by half the stray current with two return feeders, and four 
return feeders will again reduce by half the stray currents 
produced with three return feeders. In a large system the 
stray currents obtained with two return feeders may still be a 
dangerous stray current making a larger number of return 
feeders imperative. 

C. P. Steinmetz: Electrolysis is a branch of electrical engi- 
neering that has the misfortune to be of special popular interest. 
It has been exploited very thoroughly bv the '' yellow "' press, 
gas pipes, water pipes, bridge piers—all these public and private 
utilities have been attacked and destroyed, in the newspapers, 
by this electrochemical phenomenon. Fortunately, iron is a 
material which is not soeasily attacked by electrolytic action; 
wrought iron is not attacked very badly, steel very much less, 
and cast-iron is hardly attacked at all. For the electrical engineer, 
the problem of electrolysis is not the problem of protecting the rails 
—even the gas or water pipes can in general very well look out for 
themselves—for with a reasonable use of negative or ground 
feeders there is little danger. The greatest danger of electro- 
lytic action is in the case of the lead cables of the telephone sys- 
tem. The underground metal structures which are suffering 
most are the underground lead cables—the telephone cables. ' 
The power cables are relatively less affected, because they are 
better protected in subways, conduits, manholes, etc., and 
furthermore it is not economical to let a power cable lie idle. 
As long as it carries current it is at a temperature above that 
of the ground, and condensation 1s not likely to occur at or near 
it. But condensation and consequent electrolytic action do 
occur at or near a telephone cable. 
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The telephone companies have worked out, I understand, a 
system of protection by maintaining the cable negative against 
ground, by connecting it to the negative terminal. For this 
protection it is not, as was stated here in the discussion, necessary 
to see that no current passes between the lead cable and the rail. 
That cannnot be done, and current may pass; but the protection 
is perfect and absolute by making the cable throughout its 
whole extension more negative than the surrounding ground. 
As long as the lead cable armor is maintained at a potential, 
however slight, negative against the ground, there is no electro- 
lytic corrosion, although current may pass. In this manner 
cables have been protected. Where no ground is used at the 
negative terminal of the dynamo, but only return feeders, by 
having negative feeders lead to the cables the whole cable sys- 
tem can be maintained at a negative potential against ground; 
even with a limited number of connections between the cable 
and negative terminal, the cable can be absolutely protected. 

This shows the importance of considering alternating-current 
electrolysis. It has been stated in the discussion that alternating 
current electrolysis does not need to be feared, because it is 
less than one per cent. of direct-current electrolysis. I under- 
stand from those who know about the electrolytic attack, and 
the danger of it, with lead cables, that in many cases an electro- 
lytic corrosion of telephone cables amounting to one-half per 
cent. of the direct-current action, would in a very short time 
be destructive. Therefore, fear 15 expressed that even with 
the greatly reduced electrolytic corrosion of the alternating- 
current the corrosion would still be destructive and harmful to 
telephone cables. It is said that against direct-current the 
lead cables can be protected, but against alternating-current 
it does not seem possible. This is the importance of the last 
section of Mr. Hayden’s paper, which shows that even against 
alternating-current lead cables can be protected. I believe 
that with the introduction of single-phase railways this protection 
will become necessary in many cases, even with an electrolytic 
action equal only to one-half per cent. of direct-current electro- 
lysis. 

It has been stated that the current densities 1n actual practice 
between cable and ground may not be as high as chosen in 
Mr. Hayden's tests. І beg to differ from that. If a cable 15 
laid in the ground through its whole length, the total current 
from the cable to the ground distributed over the whole surface 
of the cable would give a low current density, but that is rarely 
the case with lead-covered cables. Laid in a conduit, the 
cable is, for most of its length, fairly well insulated from the 
ground, and it is only in isolated places where moisture con- 
denses, or otherwise the cable comes in conducting contact 
with the ground, that current enters or leaves the cable to ground. 
In these spots the current density may be very high, and rapid 
destruction would take place if no protective action were re- 
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sorted to. It is true that such a protective direct-current 
would somewhere else eat up the metal. But this is necessarily 
so, and when we protect lead cables against electrolvsis by 
making them negative, it means that we prevent the electro- 
lvsis at one point by making it take place somewhere else. 
But this other place will be the rails which can stand it, because 
even with direct-current electrolysis the total amount of corro- 
sion, when distributed over the whole extent of rails, in the 
rail return does not amount to anything compared with the 
mechanical wear. We may well neglect it altogether. It is 
only in the thin cable sheaths of lead cables at exposed places 
where damage may result, and the stray superimposed direct- 
current would not need to be feared in its electrolvtic effect 
on the positive side of the rail return. 

As stated, the problem 1s that of guarding against electrolvsis 
of lead cables. Guarding against electrolysis of iron rails and 
gas and water pipes 1s not very difficult and with alternating- 
currents needs hardly to be considered, except in very extreme 
cases. 

To protect against the alternating-current by a superposed 
direct-current тау be done in the same manner as Mr. Rhodes 
has shown in his paper—lay out a system of negative feeders 
for an underground cable system, so as to insure that the total 
stray alternating current will be within the limits of protective 
action of the total direct-current superimposed upon it I 
think that a further investigation similar to that given by 
Mr. Rhodes paper may well be carried out and will result in an 
intelligent arrangement for protection of the lead cable system 
against alternating-current electrolysis. 

Mr. Knudson’s paper has been severely attacked, but it all 
depends how you look at it. I do not think that this paper 
can be considered as a conclusive decision on electrolytic corro- 
sion of iron in concrete, but merely as some preliminary ex- 
periments which show that a further investigation is very 
desirable and should be made. All that the paper really shows 
1s that a piece of iron in a concrete block is affected differently 
if a direct-current is made to flow, than if no current is made to 
flow. The next questions to answer would be: what is really 
taking place? How does it take place? What is the meaning 
ot 1t? How can we guard against it? The paper does not 
state what is taking place; why the cement block cracked. It 
may be electrolytic corrosion of the iron, the formation of 
oxides which occupy a larger volume and so increase the size of 
the iron, and cause mechanical destruction by the irresistible 
force of the increase of volume which leads to cracking. It 
may also be electrolytic action resulting in the production of 
chemical compounds. We may think of chlorine attacking the 
concrete and softening it, or it mav be still other actions; in 
short. the action of cement requires further investigation. In 
Mr. Hayden's paper also cement is mentioned; there the curious 
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effect, where cement 1s not used bv itself as in a concrete block, 
but added to soil, 1s that 1t increases the spontaneous corrosion 
of lead. That also may be a chemical action exerted by the 
cement on the soil. It also affects greatlv the electrolytic action, 
different at 60 cycles from that at 25 cycles. Іп short, the whole 
phenomena resulting from stray currents on concrete structures 
may well be further investigated in view of the importance of 
concrete as structural material in the ground. 

In regard to the protection, by negative feeders and the 
permissible potential drop against ground, the specifications of 
the German engineers are certainly very safe. If the potential 
difference between rail and ground in the return circuit is kept 
below one volt, there will be no trouble from electrolvsis, because 
the pressure is below the dissociation voltage of water. This 
recommendation deserves to be classed with the recommendation 
of the American Water Works Association Committee of Engi- 
neers, in which they recommend the double-return trolley. The 
German recommendation is not quite as practicable, however, be- 
cause one volt potential difference is impossible. I understand in 
England that the rail return drop has been restricted to seven 
volts. Those whohavefigured on negative feeders forany railway 
system know how handicapped the electrical railroads are 
with regard to this specification of seven volts return. To 
restrict it to one volt, if that is really the recommendation of 
the German engineers, would appear ridiculous. I do not 
think it can be done commerciallv, and I do not see any reason 
for it, since those metal structures which are most liable to be 
attacked are iron and they are always massive, and fairly 
well protect themselves. Lead requires special protection and 
can be protected by maintaining it negative against ground. 
I believe a more sensible specification would be not to limit 
the return drop at all, but to require that the underground 
metal structures which it 1s desirable to protect must be made 
negative and maintained negative against the rail, and then 
let the railroad company look out for their rails, which would be 
the only structure in which attack takes place. All the water 
and gas pipes should be connected to the negative terminal of 
the dynamo, and maintained negative. That is a complete 
protection for them. 

J. L. R. Hayden (by letter): Confirming Mr. Kintner's 
statement under 3, I also found that it 15 necessary to have a 
duplicate cell for everv test, to determine the chemical corrosion. 
I found, too, that special care must be taken to keep this control 
cell at the same temperature as the electrolytic cell. A water 
bath was used in all later tests for this purpose. 

Mv experience does not quite agree with Mr. Kintner's 2, 
“that the edges of the plates were by far the most active part 
of the terminals." The plates were usuallv corroded fairly 
uniform all over, even on the back, and the edges not more 
than should be expected from the higher current density existing 
there. 
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Mr. Kintner’s statement that the current densities assumed 
by me are very unlikely to exist in actual service conditions, I 
believe has been fully answered in the discussion by Dr. Stein- 
metz. Dr. Steinmetz shows that with a cable laid in a duct, 
and thus partly protected, the current density over the surface 
of the cable is distributed very unevenly; therefore, fairly high 
local current densities must be expected. 

Regarding the voltage required to produce such current 
densities, I originally intended to record the voltage per cell 
also, but found that it was too low to be read accurately with 
the available voltmeters, in which the scale below 20 volts was 
not very reliable, and so I had to give it up. Usually from 6 
to 8 cells were connected in series with a rheostat, in a 120-volt 
circuit, and herefrom it follows that the voltage per cell was 
well within the range of rail-return drop commonly found on 
American railways. In alternating-current railways at 25 cycles 
the resistance of the rail return is from 5 to 8 times greater 
than with direct current, due to unequal current distribution 
in the rail. The higher trolley voltage permits a higher voltage 
drop in the circuit, and in this case, even higher rail-return drops 
may be expected than with direct-current. 

Philip Torchio (by letter): Will Mr. Corning please explain 
how it happened that with feeder districts of alternative signs 
of potential all the potential-drop readings obtained trom 
water mains were shown on each and all curves all of one sign? 
One would expect to find negative and positive zones along 
the water mains traversing the territory, because if the current 
must practically all flow to the station by the way of trolley 
wires, this current must at certain points of the water main 
leave the mains as well as enter them at other points. Were 
the readings taken at random and the results accidental, or 
were the points of reading purposely selected? 

John W. Corning (by letter): The points at which the 
readings of potential difference between pipe and rails were 
taken were so chosen on account of accessibility to pipes at these 
points without excavation, and the length of line over which 
conditions were investigated was limited by the number of 
observers available at the time. 

The feeder sections that were supplied with current from 
the negative pole of the generator to trolley were, as a rule, not 
the sections farthest from the power stations, but were midway 
between the inner and outer sections, so that the average 
condition of potential difference between pipe and rail would 
not reverse. Had feeder sections farthest from the power 
station been chosen it 1s probable that positive potentials on pipes 
would have been encountered. 

A. M. Schoen (by letter): I am much interested in Mr. 
Knudson’s conclusions, drawn from a thirty-day test with 
current flowing over pipes buried in concrete blocks which were 
in turn immersed in water. I have never made any detailed 
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laboratory tests of this character, but some years ago while 
making a general survey in one of our larger cities, for the 
purpose of determining to what extent water pipes had suffered 
damage due to electrolytic corrosion, I had an excellent oppor- 
tunity to note these points in the practical operation of a trolley 
system. The city was inland, hilly, and well drained, under 
which conditions the concrete road bed should naturally not be 
subjected to excessive moisture, the run-off leaving it ordinarily 
fairly dry. There were in operation in the city two independent 
overhead trolley systems with track return, one having an 18-in. 
concrete roadbed, the other having only cross-ties embedded 
in the soil. The track under which there was no concrete was 
in many places badly bonded, with resultant heavy leakage 
to water pipes; after leaving the water pipes much of this stray 
current found its way back over the better bonded tracks of 
the line having the concrete roadbed. In many places I found 
heavy damage done both lead services and cast-iron mains 
under the tracks of the company using no concrete, while in no 
single instance, although a large number of excavations were 
made, did I find damaged even a lead service lying under the 
concrete. Instances were found where such corrosion had 
taken place just beyond the edges of the concrete, indicating 
that this was due to surface leakage. I attribute these results 
to the fact that the concrete being less porous than the earth, 
and, owing to good drainage, not continually soaked in water, 
formed a fairly good insulator and provided considerably pro- 
tection for the pipes beneath it. With the concrete continually 
saturated with water, the results would naturally be different. 

W. R. C. Corson (by letter): The facts brought out by the 
experiments recorded in the papers by Messrs. Hayden and 
Knudson will prove, I believe, valuable additions to engineering 
knowledge, and while some of the conclusions reached by the 
writers are probably assailable they serve a valuable purpose in 
giving direction to new thoughts on an old subject. 

My interest has, however, been especially aroused by the 
paper presented by Mr. Rhodes, and I wish to pay the tribute 
of appreciation to his ingenious treatment of the subject. The 
mathematical demonstration of the relative values in the 
several methods of return feeder distribution is one which will 
prove of great assistance in the study of the measures to be taken 
for relief from the effect of stray earth currents. 

While I have not had time as vet to follow in detail the 
various steps through which the demonstration is carried, one 
conclusion, which seems to be proved and which was touched 
on but briefly during the discussion, appears worthy of emphasis 
by repetition; this is, that all methods of return-feeder distribu- 
tion are more effective in reducing earth currents when the 
negative bus-bar at the power station is not grounded. 

Now the negative feeders from the rail, if run underground in 
an uninsulated condition, form a more or less perfect ground for 
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the negative bus-bar; and in proportion to the perfection of the 
ground so formed must reduce the efficiency of the relief from 
ground currents which they should afford. А corollary to the 
conclusions of Mr. Rhodes' paper would be therefore that, for 
efficient relief from earth currents return feeders must be in- 
sulated from earth. 

It has usually been considered that the measures which a 
street railway company would naturally take in its own interest 
to reduce the amount of lost energy on its return system would 
be effective also in reducing the stray currents on other metallic 
structures in the streets. Mr. Rhodes' paper clearly shows that 
the different methods of feeder distribution would not be equallv 
effective for both purposes. For instance, Case II of the paper 
represents perhaps the most economical method of reinforcing 
the conductivity of the rail for the purpose of reducing the drop 
in potential in the return circuit, but this method is shown to 
be least effective in diminishing earth currents. Again, a single 
feeder connecting the negative bus-bar to the middie of the 
track is very effective in reducing earth currents, and, asthe 
effect 15 independent of the copper in the feeder, an installation 
of this method might be made without improving 1n any way the 
conductivity of the return circuit. The more one studies the 
question the more forcible is the impression that the street 
railway's interest and that of other co-occupants of the streets 
are not equally served by any one measure of improvement. 

This conflict of interest has been appreciated by all concerned 
for many vears, although its existence has never been shown 
so clearly as by Mr. Rhodes’ paper. Water and gas associations 
have received reports from committees appointed to investigate 
remedies for electrolytic troubles, and these reports have almost 
invariably demanded changed methods in the construction of 
street railwavs, changes which their economical operation pro- 
hibited. On the other hand, remedies have been suggested bv 
the electrical interests such as the application of “ drainage 
svstems," the insertion of insulating joints in pipe lines etc., 
which while effective in certain cases, or in certain classes of 
svstems, have been almost universally condemned as unfit bv 
electrical engineers who have under their charge the care of long 
lines of lead jointed pipe. 

It cannot but be a fact that all operating and most consulting 
engineers have to give the matter of electrolvtic corrosion con- 
sideration from some point of view. In view of this it appears 
to me a proper time to suggest that the Institute has an especial 
opportunitv of enlarging its field of usefulness by lending the 
weight of its authority to a set of recommendations governing 
the matter of relief from the effects of strav railway currents. 

During the discussion, extracts were read from a report made 
to the American Gas Light Association, which contained the 
regulations governing the installation of return systems of con- 
ductors formulated by a body of German engineers. As I 
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heard these regulations read they appeared for the most part of a 
reasonable nature, though certain of them were doubtless difhcult 
of attainment. I did not understand, however, from the 
reading with what authority these engineers acted. If they 
represented a committee duly appointed by a national non-partisan 
association of engineers the regulations must have weight in 
their country and should doubtless prove the basis for '" good 
practice ” in installations of the nature covered by them. 

In this country no association is so well qualified to take up 
this matter as our Institute; its membership is representative of 
the best talent in all fields of electrical engineering; it com- 
prises the men who have been most responsible for the wonderful 
development of our street railway systems, and whose opinions 
on the requirements of such systems have become authoritative; 
it contains also those men who have devoted their abilities to a 
study of the damage which the railways have done or are doing 
to underground metallic structures; and men who have for 
their care the protection of lead-sheathed cables for the con- 
veyance of electrical energy. These men have accumulated from 
extended experience and study a fund of data and general in- 
formation on the subject in question, and a committee selected 
from such a membership would be particularly qualified to 
examine the whole subject and sift the good and practical from 
the bad or unwise methods of relief which are in vogue or have 
been advanced. The recommendations of such a committee 
modified or amended by a general discussion at an Institute 
meeting would unquestionably form an authoritative standard 
of practice which would not only tend to improved conditions 
of our buried structures. but would redound to the credit of our 
Institute and increase its prestige. 

F. A. C. Perrine (by letter): The results of Mr. Knudson's 
experiments have been brushed aside bv those who have dis- 
cussed the paper on account, I believe, of a fear that there mav 
be some truth in his statements that will put an additional 
burden on the street railways of the country. Unfortunately, 
particularly in reference to the Hamilton Avenue Bridge, Mr. 
Knudson has drawn some conclusions from his experiments 
which are probably not warranted by the facts. 

I have no doubt but that a current sent through concrete 
will not only crack it, but will make it soft. In the case of the 
Hamilton Avenue Bridge, however, there is no evidence from 
the paper that the concrete was softened, and I understand from 
the engineer's report on the bridge that the cracking of the 
concrete was due to settling of the foundations. This is par- 
ticularly emphasized by the fact that certain building founda- 
tions in the same neighborhood have also settled. But I agree 
with Mr. Knudson's conclusions that blocks of concrete will 
crack and are made soft by the passage of electric current, 
because I have had similar experience on quite a large scale 
with current passed through concrete. In some experiments 
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made about a year ago to determine the ethciency of a large 
generator, the water rheostat was contained in a concrete basin. 
After a test lasting about twenty four hours the electrodes 
were taken from the concrete basin and the water pumped out 
for the purpose of making some changes in the machinery. 
Much to the surprise of all concerned, the concrete basin was 
found to be badly cracked, although during the time of passage 
of the current from one electrode to another a considerable 
quantity of water was kept flowing through the basin. The 
electrodes were three in number, each about four inches in 
diameter and set about two feet deep in the water, clearing the 
bottom of the basin by about six inches. The test stopped 
about 5 o’clock in the morning, and by 8 o’clock in the morning, 
after the water had been removed from the basin, the concrete 
was found to be hot and cracked badly, some of the pieces 
coming out being half as big as a man’s body. 

The concrete was found to be quite soft, so that it could be 
whittled like soapstone. This softening ran up along the side 
of the concrete basin. The damage seemed to have been 
done by currents passing through the concrete in their path 
from one electrode to another. I believed at the time, 
and still believe, that the damage was due to the heating 
of the concrete as the current passed through it, although 
this does not quite explain the softening of the concrete 
itself. In parts where the current must have passed in small 
amounts the damage to the character of the concrete seemed 
to be greater than would have resulted from boiling the concrete 
in water. As was stated earlier in the discussion, enough 
energy was passed through the concrete by Mr. Knudson to 
develop an appreciable amount of heat, and if this energy 
resulted in the dissociation of even a small amount of the water 
contained in the concrete, the cracks would naturally result. 
Furthermore, if this water in the concrete so dissociated were 
water of crystallization, not only would the concrete have been 
cracked, but 1t also would have been softened, as described. 

I do not believe that there is real danger to buildings on ac- 
count of this phenomenon, for the simple reason that the con- 
ditions for a current passing through concrete to a building 
frame are not generally present when the concrete 15 sufficiently 
wet to afford a ready path for.the current; at the same time I 
have not the slightest doubt but that 1f the current passed through 
the concrete the results described by Mr. Knudson would 
follow, although I question whether the results may properly be 
called results of electrolysis. I think that this subject is worthy 
of much more careful study than has been given it. I believe 
though that such a studv will reassure, rather than discourage 
those owning concrete buildings. 

A. A. Knudson (by letter): The tests shown in the paper 
are the first of the kind attempted by the writer, or by anyone 
else so far as the writer 1s aware, consequently the data are 
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confined to what may be termed initial experiments. Had 
these tests been conducted over a much wider range as suggested, 
including an analysis of the many brands of cements, and the 
effect of currents upon each, it is doubtful if there would have 
been any practical difference in the results. Both the Portland 
and the Rosendale cements used in the concrete blocks were 
samples of brands commonly used in building all manner of 
structures. | 

The wrought-iron tubes were not turned or polished before 
being set in the concrete, but were well cleaned. 

The weights in the tables are in avoirdupois ounces; all of them 
were made in the presence of the writer, and on a very delicate 
scale. 

It has been claimed that no proof is presented that the splitting 
of the concrete blocks was due to electrolytic action. This 
question seems to have resolved itself into a difference of opinion 
as to what is proof. In the absence of other reasons for the 
splitting of the blocks, it may be said that blocks which had 
current flowing through them were split open, and the block 
which had no current showed no cracks of any kind, nor the 
first sign of corrosion upon the tube. The tests were repeated 
with practically the same results. 

Dr. Steinmetz’ remarks on this subject confirm my own 
view of the case. He said: 


It may be electrolytic corrosion of the iron, the formation of oxides 
which occupy a larger volume and so increase the size of the iron, and 
cause mechanical destruction by the irresistible force of the increase of 
the volume which leads to cracking; it may be also electrolytical action 
resulting in the production of chemical compounds. 


Mr. Waterman said: 


Iron incased in concrete is like a battery electrode in a porous cup, so 
far as insulation is concerned. 


Porous cups are not made to adhere to an electrode as is the 
case of iron in a concrete block. If this were the case they 
would doubtless crack open in a few hours. It is only where 
the tests show that a separation from the electrode was caused 
by the concrete splitting open that there is a similarity. Here 
probably is the cause of the increase of resistance after the 
cracks began to show; for as the cracks increased in size, and the 
concrete separated from the iron, the resistance increased. 

In regard to the “ restriction " of the flow of current due to a 
“ highly resistant coating "' upon the iron; it is pointed out in the 
paper that electrolvtic action had progressed to the point that 
cracks appeared on the sixth dav, and it was not until the ninth 
day that the rise in resistance really commenced. consequently 
there could have been no restriction of current flow until after 
considerable corrosion of the iron had taken place and the 
damage had been done. This test might have been terminated 
at the ninth or tenth dav, so far as establishing the two points 
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are concerned; namely, that concrete is no protection to iron 
against a current of electricitv, and that concrete will be cracked 
and softened by such current. The voltage, however, was 
'" remorselesslv " raised to determine what the final effect 
would be on blocks in both fresh and salt water. Mr. Waterman 
said further: 

Just what a corroded water meter had to do with the subject is not 
clear. | 

It is distinctly stated in the paper that the two illustrations 
were placed there as an example of how currents do actuallv 
stray into buildings, or piers, and cause damage. Mr. Waterman 
also said: ; 

The corrosion of the meters was probably caused by irom rust. As a 


matter of fact the meters were made of bronze, and the currents in each 
case that caused their destruction were traced from the car tracks. 


Referring to Dr. Steinmetz remarks: 


Fortunately iron is a material which is rather stable, and least attacked 
by electrolytic action. Even wrought iron is not attacked very badly, 
and steel much less, and cast iron is hardly attacked at all. The prob- 
lem of protection against electrolysis is not the problem of protecting the 
rails or gas or water pipes. The underground metal structures which are 
suffering most are the underground lead cables, and there again it means 
the telephone cables. 

This statement is quite surprising in view of the many in- 
stances of pipe destruction which are so generally well known. 
Even Mr. Corning, representing one of the finest electric railway 
systems in this country, has stated frankly that they were 
having a good deal of trouble from electrolysis in one part of 
their system on the large 48-inch cast-iron mains, and other 
mains of the Metropolitan Water Works, and they had installed 
a number of insulating joints in the attempt to prevent 
electrolytic action. 

This is only one illustration from one city of damage by 
electrolysis to piping systems and other property. This in- 
formation from Boston was furnished by railroad men. Their 
statements I can corroborate, for I have personally been on the 
ground and taken measurements in company with others. 

Future experimenting with electric currents and steel in 
concrete will doubtless show further points of interest. The 
present paper giving the results of experiments is intended 
as a warning that concrete is no protection to iron or steel 
when electricity is passing through it. 
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Н. W. Fisher * Over ten years ago, when the first cases of 
electrolysis of the lead covering of cables were reported, I made 
a series of tests to determine the conditions both favoring and 
preventing electrolytic action on lead-covered cables. As 
anticipated, I found that only when the lead is positive to 
ground does injurious electrolysis take place. I also found that 
electrolysis 1s not prevented by the addition of 3% tin to the 
lead, nor by covering the lead with a weatherproof tape or 
braid saturated with insulating compound. In the latter case, 
electrolytic action is apt to be concentrated in spots, and thus 
eat through the lead cover more quickly. For the same reason, 
I also found that lead-covered cables laid in wooden boxes 
filled with pitch or bitumen deteriorate rapidly under electro- 
lytic action. As a result of these tests, and others made on 
cables working under practical conditions, it was found that the 
amount of electrolvtic action depends upon: 

1. The proximity of cables to electric railroads. 

2. The distance the cables parallel electric railroads. 

3. The quality of the electric railroad construction work pro- 
viding a path for the ground-return current. 

4. Numerous other things, including the popularity of the 
ground return current, the conductivity of the soil, and the 
position of low soil or water resistance, either along the route of 
the cables or leading toward the power house, the proximity of 
the cables to water and gas pipes, the dry or damp condition 
of the ducts containing the cables, and the chemical constitution 
of the earth. | 

From the above data it is evident that the manufacturer of 
cables cannot guarantee them against electrolysis. He should, 
however, always be readv and anxious to prescribe such remedies 
as in his judgment will prevent electrolvsis on cables which he 
has sold. With this end in view, at least one of the cable 
companies has printed literature dealing with the subject of 
electrolysis and giving preventive methods and remedies which 
have proved effective through repeated trials. 

The introduction of the single-phase alternating-current 
railroad system with grounded return brings up the question of 
electrolysis with alternating currents, and I have been making 
some experiments to determine whether under any conditions 
the lead covers of cables may be destroyed by alternating-cur- 
rent. My experiments so far have not been very comprehensive, 
but I have found that under certain conditions destructive 
electrolytic action may occur with alternating currents operating 
at a frequency of 60 cycles. 

The solution I employed for the electrolyte was water con- 
taining common salt and sal amoniac, all of which may occur in 


* Presented originally at a meeting of the Pittsburg Branch, December 
12, 1905. 
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and around duct systems. I found that with a current density 
of 0.1 ampere per square inch of lead there was no electrolytic 
action. With 3.04 ampere per square inch of surface, the 
amount of lead destroyed per ampere per hour per square inch 
was 0.004 grammes. With 11.8 ampere per square inch, the 
amount of lead destroyed per ampere-hour per square inch 
was 0.136 grammes. With 17.9 ampere per square inch, the 
amount of lead destroyed per ampere-hour per square inch was 
0.237 grammes. In this last case, a large hole was eaten through 
the lead and the surface exposed to electrolytic action was nearly 
one square inch. "These tests were made without any attempt a« 
great accuracy. The results show very plainly, however, that if 
the current density per square inch of surface is sufficiently 
great destructive electrolytic action can take place with alter- 
nating currents. 

Thinking that the action might be due to the large amount of 
energy dissipated over a small area, I repeated the experiments 
with direct-current of slightly larger density per square inch, 
applying the negative side to the lead cover. No lead was 
destroyed. It may be possible that with other ingredients in 
the soil or ducts the alternating-current action may be greater 
than that here given. Whilein many cases the current density per 
square inch of surface may not be sufficiently great to cause 
destructive action on the lead covers of cables, yet while there 
is a possibility of such action occurring, the cable companies 
cannot guarantee their cables against electrolysis from alternat- 
ing currents. 

The apparent remedy is to make the difference of potential 
between the lead cover and ground so small that the current 
density per square inch of surface is not sufficiently great to 
cause destructive action. This may be accomplished in different 
ways, depending on local conditions. With a frequency of 25 
cycles, the alternating-current action would probably be greater 
than that shown by my tests. 

R. A. L. Snyder: The name telephone cable is inseparably 
connected with the subject of electrolysis. No underground 
construction has suffered from the ravages of electrolytic corro- 
sion quite so severely as the telephone cable. Our company’s 
experience with this subtle destroyer has been a very sad one. 
In the early days of telephony we installed a large underground 
cable plant, and this plant, which cost us $150,000, was entirely 
destroyed by electrolysis. The plant was known as the “ solid 
system " in distinction from our later plant, now in use, 
known as the '' drawing-in-system.”’ 

The solid system was very carefully laid in order to prevent 
electrolysis. А wooden box was installed and the cables laid in 
the box on a layer of mineral pitch. The box was then filled 
with the pitch so as completely to surround the cables. A 
layer of pitch at least one inch thick separated the cables from 
the box on every side. Another precaution was taken, by at- 
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taching grounding plates to some of the cables at regular inter- 
vals; but with all this elaborate protection electrolysis des- 
troyed the system. 

At first very little trouble was experienced, for the reason that 
the electric roads did not become prevalent until about 1894. 
Before this time Pittsburg’s longest street car line was a cable 
road. During 1896-7 our troubles increased rapidly, but 
thanks to the new drawing-in-system which we had started in 
1893 we were able to replace the solid system very rapidly. 

When one of these solid-system cables would show trouble, 
we had to locate it as closely as possible and then dig up the 
streets. This was a very expensive operation, especially when 
the trouble occurred in two places, which meant that we were 
obliged to open the street for a distance of three or four hundred 
feet. When the cable was uncovered, the sheathing would be 
found pitted in many places. Our first solid-svstem cables laid 
to the East End exchange had to be abandoned after opera- 
ting only a few years. 

So much for the solid system. The next problem after getting 
our cables installed in the new system was how to prevent them 
going the way of the old cables. The electric roads were in- 
creasing the size of their plants and the leakage of current was 
becoming greater. It was generally conceded that the best 
plan was to make the cables negative to earth as in the old 
system, as it was noticed that corrosion generally took place 
where the cables were positive to earth; but there were records 
showing that cables strongly negative to earth often gener- 
ated chemicals which reacted to destroy the lead sheathing. 
This was especially true where the current was shut off during 
the night. 

Some vears ago a mass of slimy matter was taken from 
beneath the electric car rails on Bovlston Street, Boston, and 
sent to the Massachusetts Institute of Technologv to be examined, 
where it was found to consist mostly of sodium hydrate with 
particles of metallic sodium distributed through it. These 
particles of sodium burst into flame when thrown into water. 
Sodium chloride or common salt was used to melt the ice along 
the rails. This may have been turned into sodium when acted 
upon by currents flowing into the rail. 

As the law at this time apparently furnished no protection to 
our property from the traction company's stray currents, we 
decided to go to the expense of running long bond wires to the 
negative poles of their generators, thus making the cables 
negative to earth. The result of this course has been very 
satisfactory compared with our former experience, but we 
have still had our troubles. At times our cables would carry so 
much current that they would arc to well-grounded conductors, 
burning holes through the cable sheathing. At Twenty-first 
Street and Spring Alley the arcing was severe enough to set fire 
to a terminal pole and required the services of the fire department 
to extinguish the flames. In the neighborhood of Twentieth 
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Street, we had a number of cable terminals burnt where they 
passed through the pole pipes. This trouble became so bad 
that in several places we insulated the cable terminal from the 
pipes with rubber hose. 

Several years ago, we had our cable system bonded to the 
traction company's negative return on Twentieth Street with 
three No. 0 copper wires. These wires carried enough current 
to heat them to a temperature of 212? fahr. About this time we 
noticed a change in the electrolytic condition of our cables and 
upon investigation found that the wires were burned off a short 
distance from the manhole. 

In some cases where our cables are positive to ground at 
distant points from the power houses we have allowed them to 
eat away rather than to go the expense of running a bond wire. 
Our record of losses from electrolytic corrosion for the past 
few vears is as follows: 

1901—One case 
1902— Two cases 
1903—T wo cases 
1904— T wo cases 
1905—Seven cases. 

Our troubles appear to be increasing, yet we have spent 
more monev running bond wires during the past vear than ever 
before. despite the fact that the traction company have electrically 
welded their rails. We have done everything known to the art 
to prevent electrolvtic corrosion of our cable. 

The drop in potential between our Grant office building and 
the cable sheathing at Twentieth Street and Spring Alley is 
often over twenty volts. Sometime ago we had some spare 
cable conductors grounded to the cable sheathing at Twentieth 
Street and the current was used in our laboratory to run a small 
motor. There was enough current to light a 50-candle power 
50-volt lamp to a bright red. 

The anchors holding our aerial cables have also suffered from 
electrolytic corrosion. They have to be made negative to 
ground by running bond wires. This occurs in almost everv 
town in our territorv, and when an anchor breaks the cables fall 
to the ground, causing a big repair bill. 

For a long time the Ben Venue power house was run only for a 
few hours each dav. In this neighborhood we had much trouble 
from the continuallv changing conditions. I understand that the 
Pennsvlvania Railroad had to replace their signal air-pipes in 
this neighborhood several times. 

In conclusion, I would sav that our present policy is to main- 
tain all parts of the cable svstem free from electrical contact with 
underground steel and iron structures; to keep the parts well 
bonded together, and most of all to have them slightly negative 
to earth. I would advise all owners of underground metal 
construction to do likewise until the traction company adopt 
some method of carrving return currents in their own con- 
ductors. 


To be delivered at the 24th Annual Conventson 
of the American Institute of Electrical Engi- 
neers, Nsagara Falls, N. Y., June 25,1907. 
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THE PROPERTIES OF ELECTRONS 


Presidential Address 
BY SAMUEL SHELDON 


Introductory. The physical properties of electrons form the 
basis of electrical engineering, and a thorough understanding 
of them is essential for successful investigation in some depart- 
ments of research. No specific treatment of the subject has 
appeared in the printed publications of the Institute. It is 
therefore hoped that what follows will be of service to the 
membership. No attempt has been made to treat of the con- 
duction of electricity through gases, of the phenomena of radio- 
activity, nor of electrolytic conduction, in all of which the 
electron plays an important part. 

The Electron. Electrons, which are called corpuscles by 
some physicists, are the smallest particles of matter that have 
been isolated. They are considered by some (Larmor) to be 
constituted of ether. Their shape is unknown, but it is fre- 
quently assumed as spherical. At ordinary velocities the mass 
of an electron is 6.3 107* grams; at rest, its mass may be zero; 
and at velocities approaching closely to that of hght it becomes 
nearly infinite. Each electron carries an invariable negative 
electric charge of 1.1 10° [=e] coulombs, = 1.1 10° [=e,,] 
electromagnetic units, = 3.4 10-'* [=e,] electrostatic units. 
Some writers use the term to designate as well particles carry- 
ing positive charges and having other properties. Such use 
is not common nor desirable. 

Electrons in a free condition are present in metallic conductors, 
in gases, especially at low pressures, and to a limited degree 
in ordinary solid dielectrics. They are not present in free 
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ether or space. Combined with other electrons and with an 
unknown something or condition, that gives under certain 
conditions evidences of positive electrification, electrons are 
present in all matter. Their properties are in nowise dependent 
upon the properties of the matter with which they are asso- 
ciated; and they are considered to be indestructible by anv 
agent within the command of man. Every electron is in some 
manner entangled with the luminiferous ether. 

The ether is a fluid plenum or continuum, endowed with the 
properties of inertia and rotational elasticity, and is the medium 
through which all forces are exerted. It fills all space between 
electrons and the bounds of the universe; it is supposed by 


Stationary. Moving to the left. 
Fic. 1.— Distribution of electric flux from an electron. 


some to penetrate the electrons, and (Lorentz) remains stag- 
nant during the passage of electrons through it. 

Each electron, when 1solated and at rest, produces at every 
point in the ether an elementary electrostatic field. corre- 
sponding in direction and intensity to its charge. All electro- 
static fields are due to the resultant superpositions of such ele- 
mentary fields. The force exerted upon an electron in a field 
of intensity E, produced by a plurality of electrons, is Ee, dynes. 
both quantities being expressed in electrostatic units. An 
electron moving with uniform velocity in a straight line at a 
velocity v cm/sec produces at every point both an electric field 
and a magnetic field, and carries them with it. If the motion 
be in the direction of the Z axis of coórdinates, and the velocity 
be small as compared with that of the propagation of ether 
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disturbances, at a point whose coórdinates are x, y, z, the elec- 
tric field will be radially directed, and have a magnitude E, in 
electrostatic units, the same as when at rest. With the elec- 
tron at the origin and with a medium of unit permeability, the 
equation for E is 


е; 1 


Bom ue ee 
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and the intensity components a. f, y, of the magnetic field 
parallel to the А, Y, and Z axes, respectively, are given by the 
equations :! | 
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For large velocities, the velocity of light being c cm/sec, 
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Ап electron, with its charge e,, moving with uniform ve- 
locity v cm/sec at an angle 0 to the direction of a magnetic 
field of intensity H, is acted upon by the field with a force 
whose magnitude is 


F-—He,vsin 0 dynes. (4) 


1. Heaviside, Phil. Mag., p. 324, April, 1889; J. J. Thomson, Cond. of 
Elect. Through Gases, p. 531. 
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If an electron, moving with a velocity small compared with 
с cm/sec that of light, suffer a change either in the magnitude 
of its velocity or in its direction, a radiation of energy between 
it and the surrounding ether will take place whose magnitude is? 


Cm а? 


J = + erg/sec, (5) 


С 


where а is the acceleration in cm/sec.? 

Charge of the Electron. J. J. Thomson? and others have de- 
termined the magnitude of the charge carried by a negative 
gaseous ion, which is the same as that carried by an electron- 
The method employed for measuring the charge depends upon 
the discovery* that if a dust-free ionized gas, saturated with 
water vapor, be adiabatically expanded so that the ultimate 
volume bears to the initial volume a ratio of 1.25, droplets of 
water will form about the negative ions, but condensation will 
not occur around the positive ions until this ratio reaches the 
value 1.31. when droplets will form about both ions. Using an 
expansion of ratio 1.25. the charge on a negative ion can be 
found from a determination of the number of droplets and of the 
total charge on all the droplets. Тһе number of droplets is ob- 
tained from a determination of the size of each droplet and the 
weight of all of them. The total weight can be obtained from 
the known properties of gases that are saturated with water 
vapor. | 

The size of the droplets сап be obtained from the rate at 
which the cloud, that they form in the enclosing receiver, 
settles. According to Stokes’ law, the terminal velocity и cm/sec 
of a sphere of radius r cm and excess of density d, falling through 
a gas of which the coefficient of viscosity is y, is expressed 
by the equation 


uode ERO 
x - 
9nu 
whence rm [51% (6) 


2. Larmor, ther and Matter, p. 227; Phil. Mag., Dec., 1897, p. 512. 
3. J. J. Thomson, Phil. Mag., 1898, Dec., 1899, Dec. 
4. C. T. R. Wilson, Phil. Trans., A., 1897, p. 265. 
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g cm/sec? being the acceleration due to gravity. From observa- 
tion of и and a determination of у the value of r is obtained. 

The droplets upon falling are allowed to collect in an insulated 
receptacle connected with an electrometer. Н. A. Wilson’ 
checked the determination of the size of the droplets by observ- 
ing their rate of movement in a strong electric field arranged to 
act against or with gravity. 

The total charge was determined by Thomson by impressing 
a small potential difference v volts upon two parallel horizontal 
electrodes so placed as to include between them all the ionized 
gas, and by measuring the current-density J ampere/cm? which 
flowed through the gas. Let N = total number of ions per 
cubic cm, positive as well as negative, e = charge on each ion 
in coulombs, и’ = sum of velocities under a gradient of 1 
volt/cm, of positive and negative ions (determined by a special 
method), апа / the distance between the electrodes, then the 
charge on each ion 15 


ES coulombs. (7) 


E= Nu V 


Thomson's latest value for e, is 3.4 107°, using an expansion 
ratio of 1.31 and thereby obtaining the total number of positive 
and negative ions. 

Mass of the Electron. Many determinations of the ratio of 
the charge on an electron to its mass m have been made, from 
which, knowing the charge, the mass can be obtained. One 
method, used by Thomson, was to pass a stream of electrons, 
projected from a cathode in a highly exhausted tube, through a 
magnetic field of uniform intensity H and perpendicular in 
direction to the path of the electrons. If the electrons be moving 
with a velocity v cm/sec, the field will exert a force e,, v H dynes 
upon them, and they will move in a circular path, whose radius 
can be determined from the observed deflection of the stream; 
and has a value, as in any case of centripetal acceleration, of 


5. H. A. Wilson, Phil. Mag., April, 1903. 
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H 


dm grams. (8) 


whence m= — " 
v 
To obtain v the electrons must simultaneously be subjected to 
the influence of an electric field of intensity E in electrostatic 
units, whose direction is perpendicular to the lines of force of 
the magnetic field and also to the original path of the electrons. 
By adjusting the intensity and sign of the electric field until 
the force it exerts upon each electron Fe, is equal and op- 
posite to that exerted by the magnetic field, it follows that 


Ee; = Н e, vU, (9) 
or v= aad. 
Не) 
rém Н? em 
And т = тет ғ grams. (10) 


Another method of obtaining an expression for v, involving 
m and measurable quantities, used by Thomson, was to allow 
the electrons to bombard the face of a thermopile whose rate 
of increase of temperature could be determined from the rate 
of increase of the thermoelectromotive force. If the face of 
the thermopile be bombarded by N electrons per second. moving 
with a velocity v cm/sec, heat will be communicated to it at 
such a rate dh/dt that 


К = dk/dti = 4 Nm. (11) 


If the charges of the electrons be allowed to pass to an insulated 
conducting system connected with an electrometer, the rate 
of increase of negative charge can be obtained, and 1s 


e = 4е/й = N e. 


Therefore ty es ——-, (12) 


апа m=- 


(13) 
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Another method of obtaining an expression for v, used by 
Kaufmann’ and by Simon,’ is based upon the assumption that 
all the kinetic energv of the electrons is represented bv the 
energy that would be required to transfer their charges between 
two points having a difference of potential V equal to that ex- 
isting between the cathode and the anode of the containing tube. 


In this case 41Nmv=VWNe, (14) 


and substituting the value of v in (8), 


m = uy. (15) 


This method gives too large values because it does not take 
account of the energy lost in collisions, and that required to 
detach the electron from the cathode. 

Many other methods of determining m have been employed: 
all yielding values of the same order of magnitude, but differing 
considerably from one another. The first determination of the 
ratio €m/m was made by Zeeman in connection with his ex- 
periments on the influence of the magnetic field upon the spectra 
of gases. The values obtained by various methods, and upon 
electrons obtained in various ways are given in the following 
table? from Lorentz: 


Method. m 10-7 v/c 
m 

Zeeman ейесї................................] 1.6 to 3 
Rotation of plane of polarized light............ 0.9 to 1.8 
Cathode rays (Эппоп)........................ 1.86 0.1 to 0.3 
Cathode rays (other observers)................ 0.7 to 1.4 
Ultra violet rays on 2їпс...................... 0.7 
Radiin тау р bt beet 1.75 Small. 


The differences between the values obtained are probably 
due to some of the electrons being loaded with matter, and to 
the various velocities with which they were moving. 

The influence of velocity upon mass has been deternuned 


6. Kaufmann, Wied. Апп., 61, p. 544; 62, p. 596; 65, p. 431. 
7. Simon, Wied. Ann., 69, p. 589. 
8. Lorentz, Electrotechnische Zeits., June 15, 1905, p. 558. 
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by Kaufmann in the case of electrons ejected from radium 
preparations in the form of 8 rays. 

Suppose a charged electron to be moving in a curved path, 
and to be accelerating both tangentially and radially. Let 
the tangential acceleration be a, and the radial be a,. Inas- 
much as a moving electron produces a magnetic field, whose 
lines are circular and lie in a plane perpendicular to the direc- 
tion of motion, and whose intensity at any point is proportional 
to the velocitv of the electron, the acceleration must be accom- 
panied by an increasing strength of field. As this increase 
requires that work be performed upon the ether, part of the 
force which causes the acceleration must be used in performing 
this work. 

Let m, and m, represent two coefficients, which, when multi- 
plied. respectively, by the accelerations a, and a, give the 
forces required to perform this work represented by the in- 
creasing intensity of the two components of the magnetic 
field. Then if m, be the mass as ordinarily understood, of the 
electron, the tangential and radial components of the force, re- 
spectively, will be 


fı 


ir = а, (m,+m,) 

The coefficients m, and m, appear, therefore, to represent, re 
spectively, longitudinal and transverse electromagnetic masses 
of the electrons. which it is assumed has also a true mass m,. 

Now m, and m, are not constant, but depend upon the ve- 
locity of the electron, as shown in equations (2), (3) and (5). 
For small velocities, as compared with that of light, if the elec- 
tron be assumed as spherical of radius R cm and with its charge 
€m spread uniformly over its surface, m, and m, each have the 
value? 


a, (m, m,) 


dynes (16) 


€ wi 
E 

For greater velocities these values increase, until at the 
velocity of light they become infinite. Using analytical results 
obtained by Abraham, Kaufmann concludes from his experi- 
ments upon the deflection of B rays that, within the limits of 
experimental errors, (#,+mm,) varies with the velocity as m, 
should, and therefore m, = 0, that 1s, a stationary electron has 


m = т, = 3 (17) 


9. Thomson, Recent Researches in El. and Mag. 1893, p. 21. 
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no mass whatsoever, and all the mass of a moving electron is 
due to its entanglement with the ether. The values determined 
by Kaufmann and the percentage difference from theoretical 
values based upon the assumption m, = 0 are given in the 
following table 1% 


v/c m,/m Observed Per cent. variation from theoretical 

Small 1. — 
0.732 1.34 -1.5 
0.752 1.37 -0.9 
0.777 1.42 — 0.6 
0.801 1.47 +0.5 
0.830 1.545 +0.5 
0.860 1.65 0. 
0.883 1.73 +2.8 
0.933 2.05 —7.8 (?) 
0.949 2.145 —1.2 
0.963 2.42 +0.4 


The following curve shows the relation which exists between 


< 


0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
Vv 
C 
Fic. 2. 


the mass of an electron, expressed in terms of its mass at low 
speeds, and its velocity, expressed in terms of that of light. 


10. Rutherford, Radio-Activity, p. 111. 
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The mass at small velocities is 6.3 1079 grams. Ata veloc- 
ity equal.to that of light, the magnetic flux, surrounding an 
electron in a plane perpendicular to its path and passing through 
it, should become infinite. This follows from the substitution 
of v —c and 2= 0 in equations (3). The electron thereby would 
acquire an infinite self-inductance. Consequently an infinite force 
would need to be exerted upon it in order to produce a finite 
acceleration. The mass of the electron, therefore, at this hypo- 
thetical velocity, would be infinitely large. 

Size of the Electron. If it be assumed that the electron is 
spherical in shape, then knowing its charge €m, and its apparent 
mass at low speeds m,, its radius Ё can be obtained from 
equation (17) 


R= 3 cm = 1.3 10? ст, (18) 


1 

which is much smaller than the diameter of atoms. Lorentz 
has been led to conclude, from the consideration of various 
phenomena appearing in moving systems of different kinds, 
that the electron is spherical when at rest, ellipsoidal at inter- 
mediate speeds, and a flat disc at the speed of light. Upon 
this assumption he obtains results, after a severe and com- 
plicated mathematical analysis, that are in accord with Kauf- 
mann's experimental results; give larger masses for the same 
speed than those obtained by Abraham; give a mass of zero at 
rest, and are consistent with equation (17). 

The Atom. On the supposition that the atom consists of a 
sphere of uniform positive electrification in which are contained 
a number of moving electrons, Thomson," in 1904, endeavored 
to determine how electrons would arrange themselves in various 
atoms, and what properties would thereby be conferred upon 
the latter. Mathematical difficulties prevented a general solu- 
tion for a spherical arrangement, but a solution for arrange- 
ments in rings was obtained, which has, by analogy, been ap- 
pled to the spherical arrangement. 

According to these results it has been assumed that the 
atom consists of negatively charged electrons uniformly dis- 
tributed over concentric spheres, as a result of their mutual 
repulsion, and enclosed in a sphere of uniform positive electri- 
fication of such intensity that the electric field that would be 


1l. J. J. Thomson, Phil. Mag., March, 1904, p. 237. 
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produced outside the atom by the charges on the electrons is 
nullified. 

Examination of the distribution, necessary for equilibrium, 
of such aggregates consisting of consecutive numbers of elec- 
trons, reveals the following facts: 

1. The distribution of one aggregate may differ from that 
of another in having a greater number of electrons distributed 
upon one or more additional concentric shells. The first ag- 
gregate has as a nucleus the identical distribution of the second. 

2. The equilibrium of the distributions of some aggregates 
may be very stable, while that of others is less so. 

3. Some less stable aggregates will become more stable if 
one or a few electrons be added to it, thereby giving the atom 
which it represents a negative resultant charge. 

4. Some less stable aggregates will become more stable if 
one or a few electrons be taken away from it, thereby giving 
the atom which it represents a positive resultant charge. 

Assuming the atoms of the various chemical elements to be 
thus constituted, the equilibrium requirements will explain 
their physical and chemical differences and similarities. The 
different aggregates indicated in (1) would yield atoms of 
similar. qualities, but different atomic weights, as lithium, 
sodium and potassium. If an atom, consisting of an aggregate 
whose equilibrium would be rendered more stable bv the losing 
of one electron, should be brought up to an atom requiring 
for stability an additional electron, a transfer of one electron 
would account for known facts. The first atom would after- 
wards have a resultant positive charge. The second atom would 
have a resultant negative charge, and the two would attract 
each other. The first atom would correspond to an electro- 
positive atom, like that of sodium, and the second atom would 
be electro-negative like chlorine. After the change and result- 
ing attraction a molecule of sodium chloride is formed. Chem- 
ical affinity is thus considered to be due to electric attractions. 

The number of electrons 1n an atom may vary from time to 
time, and the atom may therefore have a positive or negative 
electrification or may be neutral. The combination of two or 
more atoms, that are held together by electric attractions re- 
sulting from differences in the sign of their electrifications, con- 
stitute a molecule. The atoms may be of the same or different 
chemical elements. | 

If stable equilibrium 1s obtained by the loss of one and only 
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one electron the aggregate gives an atom that is univalent and 
electro-positive; if a single additional electron is required for 
stability the atom is univalent and electro-negative. The re- 
quirement of a loss or gain of two, three or four electrons for 
complete stability characterizes the atoms as divalent, trivalent, 
and quadrivalent respectively. 

More complex molecules, as for instance the various oxides 
of lead, result in some cases in an incomplete stability of the 
component atomic aggregates. 

The electrons in the atom are supposed to be moving continu- 
ously in orbits, subject to displacement and distortion under 
certain circumstances. The large number of electrons and their 
entanglement with the ether has been offered as an explanation 
of the spectra characteristic of different substances, which are 
in some cases very complex. 

Some aggregates are stable when the electrons move in their 
orbits with an angular velocity greater than a certain value; 
and they become unstable when the velocity falls below this 
value. Electron velocities decrease very slowly as a result of 
the loss of energy which they radiate. When, however, the 
critical velocity is reached, an entirely new distribution may 
take place, and may be accompanied by ejection of some elec- 
trons from the atom. This is possibly what takes place in the 
case of radium. 

As a consequence of the results obtained by Thomson," in 
1904, concerning the structure of the atom, many have con- 
cluded that an atom of hydrogen contains over a thousand 
electrons and that its mass is equal to the sum of the masses 
of the electrons. It, therefore, has no true mass, but merely 
an electromagnetic mass. They have also concluded that atoms 
of other atomic weight contain a proportionally larger number 
of electrons. Such an atomic structure would satisfactorily 
explain differences in the atomic weights and might lead to 
some conclusions explanatory of characteristic spectral com- 
plexities. Thomson, however. has more recently"? concluded 
from experiments upon the dispersion of light in gases, upon 
the scattering of Róntgen radiation in gases, and upon the ab- 
sorption of f rays from radium compounds that “ The number 
of corpuscles (electrons) is not greatly different from their 


12. Thomson, Phil. Mag., Vol. 7, No. 39, p. 237-265, March, 1904. 
13. Phil. Mag., p. 769, May, 1906. 


1907] SHELDON: PROPERTIES OF ELECTRONS 663 


atomic weight." He finds from the dispersion due to hydrogen 
that a hydrogen atom contains not far from one electron and 
that the mass of the carrier of positive electrical chaige is large 
compared with that of the electron. From the scattering of 
Róntgen radiation in air he calculates that there are 25 electrons 
in a molecule of air. 

The Ion. An important part is played in the phenomena of 
electrophysics by atomic aggregates of electrons that exhibit an 
external electrical field. When an aggregate or system of ag- 
gregates with an excess of positive or negative electrification 
is subjected to the influence of an auxiliary electric field it 
tends to move in the same or opposite direction to that of the 
lines of force of this auxiliary field, according to the sign of its 
excess of electrification. It may then be termed an ion, posi- 
tive or negative according to the sign of its excess of electrifica- 
tion. In the various physical states of matter are present the 
following: 

NEGATIVE Ions 

1. Isolated and free electrons. 

2. One or more electrons acting as a nucleus for a cluster 
of molecules, the cluster roughly estimated, in some cases, as 
containing 30 molecules. 

3. Atoms of electro-negative elements the instability of whose 
aggregate has been reduced by the addition of one or more 
electrons. 

PosirivE Ions 

1. Atoms of electro-positive elements the instability of whose 
aggregate has been reduced by the subtraction of one or more 
electrons. 

2. Molecular clusters from which an electron has been removed. 

Negative ions may or may not be associated with ordinary 
matter. Positive ions are always found associated with it. 

The lines of force of the electric field of an isolated ion are 
directed radially towards it as a center. In a molecule, while 
practically all the lines of force start from its electro-positive 
atoms and terminate upon its electro-negative atoms, thus 
being electrostatically nearly saturated, the field distribution 
is different for different planes passed through its molecular 
center. The molecule does not, therefore, suffer translation 
when placed in an auxiliary electric field, but rotates and orients 
itself. The orientation of a system of molecules produces a 
polarization of thé substance containing the system. 
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Free electrons exist in gases at pressures under 10 mm. of 
mercury, especially when subjected to ionizing agencies; in 
conducting solids; in the 3 rays from radium; and in conducting 
flames. 

Clusters exist in all conducting gases under pressures greater 
than 10 mm. of mercury ; sometimes in gases at lower pressures, 
and possibly in liquids and solids. 

Electronized or deelectronized atoms or both, exist in all 
conducting gases at all pressures; both exist in liquid electro- 
lytes; in solid conductors, and possiblv in solid dielectrics. 

The Production of Ions, or Ionization. In all gases at ordi- 
nary atmospheric pressures spontaneous ionization 1s continu- 
ally going on. This doubtless results from molecular collisions 
of an intensity much above the average. Recombination of 
positive and negative ions is also continually going on and 
wil be discussed later. If an ionized gas of volume V cm’ 
be enclosed in a receiver provided with two electrodes connected to 
the terminals of a source of electromotive force, an electric current 
can be made to flow through the gas and circuit. Under the 
influence of the electric field set up between the electrodes, the 
negative ions move towards the anode and the positive ions 
towards the cathode. A negative ion upon reaching the anode 
gives up to it an electron with its charge of 1.1 X 10-'® coulombs. 
The ion thus becomes transformed into an ordinary atom. 
What the anode does with the electron need not concern us 
at this point. In a like manner the positive 10n upon reaching 
the cathode receives from it an electron and itself becomes an 
ordinary atom. The double exchange is accompanied by what 
is generally understood as the conduction of 1.1 10° coulombs 
through the gas. It is also accompanied by the disappearance 
from the gas of one positive and one negative ion. If an in- 
creased voltage be employed, the velocity of the ions will increase, 
the current or rate of transference of electric quantity will in- 
crease, and the rate of disappearance will increase. The last 
can never be made to exceed the rate of production of ions. 
Therefore. a limiting saturation current 1s reached, which cannot 
be exceeded even though the voltage impressed upon the elec- 
trodes be increased, so long as this increase does not, of itself, 
produce ionization. Spontaneous ionization of gases at ordinary 
atmospheric pressure will permit the passage of only about 
3.3 1079 amperes per cubic centimetre.'* 


14. Wilson, Proc. Camb. Phil. Soc. x; p. 32, 1900; Proc. Roy Soc. 
lxvii, p. 151, 1901, 
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Recombination of ions occurs in gases at a rate proportional 
to the square of the number present. If № ions per cm? be 
present at a given time, then the number n present after t sec- 
onds will be 


N " 
LEE rw (19) 


where а is a coefficient of recombination, which equals 1.1 10-6, 
and has the same value for hydrogen, carbon dioxide, air, and 
probably other gases. Its value is independent of pressures 
above $ atmospheric, but decreases with decrease of pressures 
below this limit. 

It has been determined by Townsend that an electron, mov- 
. ing in a rarefied gas along a free path whose terminal points 
differ in potential from each other by 20 volts, t.e., 20/300 
electrostatic units, acquires just sufficient energy to ionize a 
molecule with which it comes into collision. The energy re- 
quired for the production of one negative and one positive ion 
from a gas molecule is therefore equal to the product of i 
potential drop by the charge on the electron, that is, 


20 -10 ai 
300 3.4 10 2.3 10^! ergs. 


The velocity v acquired bv the electron of mass m just before 
collision, is derived from the equation of energy 4 mv? = 2.3107", 
and is 


-11 
v= ыз = 2.7 10* cm/sec. (20) 


This velocity is very great as compared with the mean mole- 
cular velocity of gases at ordinary temperatures. In weak 
electric fields thé electrons or negative ions, but not the positive 
ions, produce fresh ions by collision. In strong fields both 
negative and positive ions produce them. 

Salts introduced into the flame of a Bunsen burner are ionized 
and the flame becomes conducting. Hot metals ionize the gas 


15. Townsend, Phil. Trans. A., 193, p. 129, 1900. 
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in contact with them and eject negative ions from themselves. 
A temperature of 200° cent. is sufficient to produce some ion- 
ization. Platinum’ at 1500° cent. in a vacuum permits a max- 
imum current towards it. by means of negative electrons which 
it throws off, amounting to one milliampere per square centi- 
metre. Heated carbon filaments have been found to supply 
sufficient ions to allow of one ampere per square centimetre of 
surface. 

Gaseous ions are also produced as a result of energy ex- 
pended by radioactive substances, as by X-rays, by Lenard 
rays, by ultraviolet light, and likewise by chemical action. 

Metallic Conduction of Flectricity. Investigations concerning 
the natu-e of the process of electric conduction in metals have 
led to the conclusion that in the metals are to be found mole- 
cules and atoms of the metallic element, positive ions, and 
free electrons. The molecules and atoms are not free to migrate 
from one part of the metal to another, but have a limited free- 
dom of movement about a mean position. The electrons are 
not constrained to any particular part of the metal, but are free 
to move from one part to another, such movement being ac- 
companied by collisions and changes in the direction of move- 
ment, in a manner similar to that accompanying the movement 
of molecules in a gas, considered from the standpoint of the 
kinetic theory of gases. The positive ions have been supposed 
by some to change their positions, by others not. The number 
of free electrons per cubic centimetre of metal is very large, 
being of the order of a billion billions. The mean free path of 
an electron scarcely exceeds one millionth of a centinietre in 
any case. The number per cubic centimetre and the length 
of free path is different with different metals. In an ordinary 
metal at a uniforin absolute temperature of T degrees, all the 
particles of the metal are in motion, collisions are constantly 
occurring, and the directions of the motion are such as result 
from chance. According to the doctrine of the equipartition 
of energv, the mean kinetic energies of the molecules, of the 
atoms, of the positive ions. and of the electrons, are equal to 
each other and dependent upon the absolute temperature. 
Inasmuch as the masses of the electrons are much smaller than 
those of the other particles, the velocities of the electrons must 
be much greater. 


16. O. W. Richardson, Proc. Camb. Phil. Soc., xi, p. 286, 1902. 
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Following Drude," assume a metallic conductor of unit cross- 
section, and length L cm's., containing N electrons pei cubic 
cm. each of mass m and with a charge of e, electrostatic units. 
If a difference of potential V in electrostatic measure be estab- 
lished between the ends of the conductor, the electrons will be 
subjected to the influence of an electric field of intensity E= V/L 
and, during the interval of time т between collisions, they will 
be subjected to a force in the direction of the length of the 
conductor such that 


dL 
d т: 


m = E e; dynes. (21) 


Integrating throughout the time t and evaluating constants, 
mL=te,Er. (22) 
The electrons, if the difference of potential be maintained, will 


in addition to their original undetermined velocities have a 
velocity component v, in the direction of L such that 


= be Е = (23) 


A quantity of electricity will pass per second through a cross- 
section of the conductor, which constitutes a current /у in 
electrostatic units, such that 


E. = onir qo qur. Y › 
1; = е Ма, =ke} № Е = фе, N Т (24) 


m 


The resistance per unit length, that is the resistivity of the 
metal, will, in electrostatic units, be 


V . o M 
` COLLECT CN 


(25) 


17. Drude, Trans. Int. El. Cong., 1904, Vol. 1, p. 319. 
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The specific electric conductivity will equal the reciprocal of 
the expression or 


T ` 
о = $ е;? N n (26) 


It is desirable to substitute for т another expression, which 
takes into account the mean velocity, v, of the electron in the 
direction of its path and the average length A of its free path. 
Since ut = A, 


— ы, (27) 


Metallic Conduction of Heat. It 1s probable that the flow of 
heat in metal under maintained difference of temperature is 
due to the presence of electrons in the metal, they acting as 
carriers and distributors of energy which they possess in the 
kinetic form. According to the kinetic theory of gases everv 
molecule or particle possesses an average kinetic energy й at an 
absolute temperature of T such that 


h=aT, (28) 


where а is a universal constant, which has a value of 1.6 10-!© 
ergs per absolute degree. If metals be ultimately constituted 
as has been assumed, then an electron, when uninfluenced by 
electric or magnetic forces, has the same energy as a gas mole- 
cule at the same temperature. 

From the kinetic theory of gases, an expression for the heat 
conductivity of the metallic conductor, considered above, may 
be obtained. If one end of it be heated, the flow of energy or 
heat Q per second in the direction of its length and across anv 
transverse cross-section of the conductor 1s given™ by the equa- 
tion 


х 


vVÀN d 
= в САБ 29 


Substituting the value of й from (25), 
(30) 


The heat conductivity k of the metal in mechanical units, that 


18. Drude, 1. c., p. 321. 
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is, in ergs per square centimetre per absolute degree per centi- 
metre, is obtained by reducing the temperature gradient dT /dI. 
to unity. The expression is then 


.k-—34av4AN. (31) 


It has long been known that with some exceptions the heat 
and electrical conductivities of pure metals, when at proper 
temperatures, depending upon the metal, bear a constant ratio 
to each other. This is the law of Wiedemann and Franz. No 
satisfactory explanation for the constancy has been given 
except that which assumes that both electricity and heat are 
conveved by electrons, the one under the influence of electro- 
motive force and the other under the influence of thermomotive 
force. Dividing (31) by (27) and substituting 2 а T for m v? 


k 4 fa a 
oot in 


е; 


The following table of Jaeger and Disselhorst! gives the 
values of k/o at 18? cent., at 100? cent., and the ratio of the 
latter to the former. In this table is also given the number 
of electrons N per cubic centimetre, calculated by Drude? from 
data concerning the optical behavior of metals, and the mean 
length А of their free path. 


k/o (100°) 
Metal k/a 10-8 (18°)|k/o 107*(1009)| —————_|N 107??| А 10° cm 

k/a (189) 
Aluminum.... 636 844 1.32 14. 0.2 
Copper....... 665 862 1.30 4.09| 1.1 
Silver........ 686 881 1.28 6.35) 0.9 
Gold......... 727 925 1.27 4.36| 0.9 
Nickel........ 699 906 1.30 9.21! 0.08 
Датс......... 672 867 1.29 18.4 0.08 
Cadmium..... 706 905 1.28 11.9 0.1 
Lead......... 715 935 1.31 11.2 0.034 
Тива 735 925 1.26 14.3 0.05 
Platinum..... 753 1013 1.35 13.65 0.06 
Palladium.... 754 1017 1.35 —— 
Iron......... 802 1061 1.32 14.6 0.05 
Bismuth...... 962 1077 1.12 10.8 0.007 
Antimony.... 26. 0.006 


19. Jaeger and Disselhorst, Berliner Berichte, 38, 1899, p. 719. 
20. Drude, l. c., p. 327. 
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That k/o is directly proportional to the absolute temperature 
is clearly indicated by the values given in the fourth column 


of the table. The coefficient gn соттоп to gases, would 


give, for the temperature difference here emploved, viz., 100? 
— 18? = 82°, the value 1.28. 

The specific heats of metals are not so large as might be ex- 
pected with such a large number of free electrons per unit 
volume. 

To meet this difficulty Thomson” assumes that the electrons 
are not free for a sufficiently long interval to acquire the energy 
corresponding to a given temperature. They suddenly shoot 
out from one atom into a neighboring one. On this basis he 
calculates the values of k/o and finds a difference of but about 
12%, from Drude's values. 

Contact Electromotive Force. If two metals, having N, and 
N, free electrons, respectively, per cubic centimetre, be placed 
in contact with each other, and if N,» N,, and the temperature 
be constant and uniform, then, according to the principles of 
the kinetic theory of gases, more electrons will pass from the 
latter into the former than in a reverse direction. This will 
give a negative charge to the former, and will thereby set up 
an electric field, whose lines of force will be perpendicular to 
the plane of separation; which will tend to reduce the velocity 
of the electrons entering the former and increase the velocity 
of those leaving it. An equilibrium will eventually result 
when as many electrons pass in one direction as in the other. 

A contact difference of potential, of a value which can be 
predetermined if М, and №, be known, is established across the 
surface of separation. Drude? has derived an expression for 
this contact e.m.f., which at 18° cent. reduces to the form 


E = 0.05 log ¢ i volts. (33) 
1 


For other uniform temperatures the value of E varies directly 
with the temperature expressed in absolute degrees. The 
complete expression for £ is 


21. Report of Lecture before I. E. E., Electrical Engineering, Feb. 28, 
1907, p. 381. 
22. Drude, 1. c., p. 323. 
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V 
pum Ss loge x 10° volts, (34) 


3 em 
1 


where а is the thermodynamic constant, €m the charge of an 
electron in electromagnetic units and T is the absolute tem- 
perature. 

Seebeck Thermal Electromotive Force. If a circuit be formed 
of two metals connected in series, and if the difference in tem- 
perature between its two junctions be dT absolute degrees, 
then the thermal electromotive force d E set up as a result, is 
obtained by differentiation of (34), and equals 


-4 а М» 0-8 
d E = 3 e d T loge N, 10- volts, (35) 


from which the value of the thermoelectric power can be ob- 
tained. This expression assumes that N,/N, does not vary 
with T, concerning which there is as yet not sufficient experi- 
mental evidence. 

From equations (34) and (35) an expression is readily ob- 
tained for the rate of absorption or development of heat when 
a current I (amperes) flows in the circuit. This power P, 
which is a measure of the Peltier effect, is expressed as follows: 


№ os а dien 
P І T log, N, 10$ = I 1j T 10- watts. (36) . 


Drude has also obtained an expression for the Thomson effect, 
that is, the development or absorption of heat as the result of 
a current that flows through a homogeneous circuit. having 
local temperature differences. 

Electromagnetically Induced Electromotive Force. The genera- 
tion of electromotive force as a result of the relative motion 
between a conductor and the flux of a magnetic field 1s a direct 
consequence of the ether entanglement with the electron. A 
force acts directly on each electron whose direction is deter- 
mined by the directions of the flux and of the motion, and whose 
magnitude depends upon the relative velocity and the flux- 
densitv. 
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The Hall Effect. Consider a rectangular piece of sheet metal 
with a current flowing along it. If the current enter by a 
terminal connected to the middle point of one edge of the rec- 
tangle and leave by a terminal connected to the middle point 


Fic. 3.—Flow lines of current. 


of the opposite edge, there will be a zero potential difference 
between two points located respectively at the centers of the 
remaining opposite edges. A galvanometer connected between 
these last two points would give no deflection. If now a mag- 
netic flux be passed perpendicularly through the surface of 
the sheet, a current will flow through the galvanometer circuit, 


Fic. 4.— The Hall effect. 


whose magnitude will be directly proportional to the strength 
of the original current and to the flux-density of the magnetic 
field, and whose direction will be reversed if the direction of 
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either the flux or of the original current be reversed. This 
phenomenon is known as the Hall effect. This effect is readily 
explained from the standpoint of the electron theory. 

The electric current may be considered as accompanied by 
a procession of electrons moving in the sheet in a direction 
opposite to that of the current flow. Let the migration 
velocity of the electrons be v cm/sec, the charge of each be e,, 
electromagnetic units, and the magnetic flux-density be H, a 
transverse force F will be exerted upon each electron whose 
value will be e, v Н dynes; and in consequence they will be 
forced towards one side of the sheet, and a flow of current through 
the galvanometer circuit will be neeessary to maintain equi- 
librium. If no galvanometer circuit be present, a negative 
charge wil appear at the side towards which the electrons 
move, and will grow until the transverse electric field which it 
occasions attains such an intensity E, in electromagnetic units, 
as to exert a force e,, E dynes upon each of the electrons equal 
in magnitude and opposite in direction to that exerted by the 
magnetic field. Then 


Em E = eav H. 


Since ё„ is known and F and H can readily be obtained by 
experiment, it is possible to obtain the average migration 
velocity v of an electron from the above formula, as 


v= — (37) 


Boltzmann calculated v for various metals several years ago. 
The velocities are remarkably small for even very strong cur- 
rents. Lorentz? gives the following values for one ampere 
Howing through a wire of one square millimetre cross-section: 
copper 0.005, nickel 0.2, and bismuth 90 cm/sec. | 

Some experimental results obtained in this field are not 
easily explained. The direction of the-current in the galvano- 
meter circuit, when an iron sheet is employed, is opposite to 
that which is to be expected. A thorough investigation of 
the Hall effect in ferromagnetic substances may ‘shed some 
light upon the question of the cause of their large permeability. 
Thomson” explains the apparently inconsistent results by the 


23. Lorentz, l. c., p. 588. 
24. Electrical Engineering, Feb. 28, '07. 
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assumption of a gyrostatic action of the molecule which causes 
the electrons to move in a different direction from that of the 
force exerted upon them by the magnetic field. 

Solid Dielectrics. Solid dielectrics probably contain some 
free electrons, although the number per unit volume is small 
compared with that in metals. To free electrons 1s due the 
conductivity of solid insulators that remains after surface leak- 
age has been prevented. Free atomic ions are probably ab- 
sent, since conduction through their mediation would result 
in a transport of matter with accompanying differences in the 
chemical and physical character of the surface lavers of the 
dielectric when kept between conductors having a maintained 


Fic. 5.—Dumb-bell Molecule. 


difference of potential. Such transport has not been observed. 
If the atomic ions of a dielectric are not possessed of freedom 
of migration, the maintenance of a mean position of equilibrium 
must be due to the attractions and repulsions of unlike and 
like charged particles. If a distinction is to be drawn between 
atomic ions devoid *of freedom of migration and molecular 
aggregates of atoms, then the latter are probably also present. 

Consider a diatomic molecule in а solid dielectric. Al- 
though nothing is known of the shape of a molecule, and although 
in the treatment of the kinetic theory of gases it is frequently 
assumed to be spherical, it seems reasonable to assume, from 
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the standpoint of the present discussion, that it is not spherical 
and that it may be shaped somewhat like a dumb-bell with an atom 
at each end connected by a sheaf of electrostatic flux lines. 
Such a molecule would behave in an electric field much as would 
a magnetic needle of the same shape in a magnetic field. Both 
would orient themselves, but would not suffer translation if 
the fields were uniform, and the molecule would have an elec- 
tric moment similar to the magnetic moment of the needle. 
But, while the pole distance 1s rigidly maintained bv the steel 
in the needle, this is not the case with the end atoms of the 
dumb-bell molecule. With a sufficiently large electrostatic 
flux-density, the molecule would be ruptured, its oppositely 
charged atoms being forced away from each other by the field. 
The rupturing of an assemblage of such molecules in a solid 
dielectric would, in such a field, manifest itself as a rupture of 
the dielectric. The molecular-magnet theory? of magnetic in- 
duction in iron, can by analogy, be directly applied to solid 
dielectrics consisting of an aggregate of such dumb-bell mole- 
cules. The application of an electric field would orient the 
molecules to a greater or less extent, which would be evidenced 
as a residual polarization after the field was removed. Such 
polarization 1s a common occurrence. The flux due to the 
orientation would be superposed on the ether flux produced 
by the original source of the field, the dielectric thus exhibiting 
a larger dielectric constant than the free ether. That the di- 
electric constant of all solids is greater than unity 1s well known. 
Under the influence of alternating fields the configuration of 
orientation would be different for the same values of increasing 
and decreasing intensities. This would result in a dielectric 
hysteresis of greater or less extent accompanied by an energy 
loss which would be dissipated in heat. This loss in ergs per 
cubic centimetre per cycle G has not only been observed, but 
its magnitude, as dependent upon the material and maximum 
electric flux-density Emax, is expressed by a formula” similar 
to Steinmetz's law for iron, the exponent n of Emar lying be- 
tween 1.5 and 1.95, and corresponding to 4.6 in the Steinmetz 
formula. If а represent a constant dependent upon the char- 
acter of the dielectric 


G = а E" „ах ergs. (38) 


25. Ewing, Magnetic Induction in Iron and Other Metals, p. 382. 
26. R. Threlfall, Phys. Rev., 1897, iv, p. 457; v, p. 21. 
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A tendency to dielectric saturation, accompanied by a re- 
duced specific inductive capacity corresponding to the satura- 
tion and reduced permeability in iron under increase of electric 
flux-density, has been observed in the case of crown glass, 
guttapercha, megohmit, and paraffined paper.” 

The lack of rigidity of connection between the atoms of a 
dumb-bell molecule permits vibration of the atoms about a 
mean position relative to each other. There is a natural period 
for such vibrations. If now an alternating electric field of 
this natural period be impressed upon the molecule, an inter- 
atomic vibration will be started at the expense of energy sup- 
plied by the field. The natural frequency is very large, of the 
order of those due to light disturbances. The propagation of 
light disturbances is always accompanied by an alternating 
electric field of high frequencv. If now light, of such color as 
to have a frequency svnchronous with the natural frequency 
of vibration of the atoms of the dumb-bell molecule, be passed 
through a transparent dielectric containing such molecules, its 
velocity therein would be reduced below that which would 
exist for higher or lower frequencies, and a prismatic spectrum, 
produced by passing white light through a prism of such di- 
electric, would therefore show the colors in other than their 
usual order, that is, the prism would cause what is termed 
anomalous dispersion. The natural frequency of vibration of 
quartz molccules 1s such, that radiations of wave-lengths much 
longer than those of red light (A= 56 д) are refracted by a 
quartz prism more than violet light.” 

The argument outlined above applies equally well to mole- 
cules of greater atomicities and complexity. It is also appli- 
cable to the negatively charged electrons and positively charged 
remainders of atoms, if 1t be assumed that these can be separated 
under the action of an electric field. Such an assumption 15 
made by J. J. Thomson.” 

The Production of Light. Many efforts have been made to 
explain the characteristic spectra of the various chemical ele- 
ments from the stagdpoint of the electron theory. For many 
reasons, such efforts can hardly be considered as successful. 
as clearly presented by Crew.?? There is as vet too little knowl- 

27. J. A. Fleming, Electric Wave Telegraphy, p. 137. 

28. Rubens and Aschkinass, Wied. Ann., 67, p. 459, 1899. 

29. J. J. Thomson, Phil. Mag., May, 1906. 

30. Henry Crew, Science, N. S., Vol. XXV, No. 627, p. 1-12, Jan. 4, 1907. 


1907] SHELDON: PROPERTIES OF ELECTRONS 077 


edge concerning the relations which exist between electrons and 
atoms as thev occur in the various forms of matter. Further- 
more, hardly anything is known about the positively electrified 
portion of matter or about positive electricity itself. This 
much, however, can be considered as established; that an elec- 
tron with its negative charge €m, when accelerating a cm/sec’, 
the velocitv of propagation of ether disturbances being c cm/sec, 
radiates energy into space whose value (see equation 5) is ex- 
pressed as 


Cm? а? 
] = 8 -"—— = 2.7 1059 a erg/sec (39) 


If by any means the sign of acceleration be changed period- 
ically at a constant frequency having a value lying between 
4 10'* and 8 10". then the radiant energy will consist wholly of 
monochromatic light radiation. Change in sign can be obtained 
either by reversing the direction of motion in a rectilinear path 
with accompanying changes in velocity (collision or impact), by 
merely changing the direction of the path (circle) leaving the 
velocity unchanged, or by both. If on the other hand the 
duration of the periods between reversals be variable within 
wide limits, then there will be non-luminous heat radiation, 
continuous spectrum luminous radiation, and ultraviolet radia- 
tion. In this case only a portion of the energy which is radiated 
is converted into light. 

The acceleration which an electron mav assume, varies over 
very wide limits. When it is considered that, within a vacuum 
tube of a few centimetres length, an electron can start from 
rest and attain a velocitv of one-tenth that of light, that is З 10° 
cm/sec, its acceleration must have been at least 2 10'? cm/sec. 
The distribution of voltage in such tubes would indicate that 
its acceleration near the cathode would be many times greater 
than this. Assuming it to be five times as great; that 1s, a? — 
10% cm/sec?, this electron would radiate 2.7 10-3 erg/sec or 2.7 
107? watt. . 

Black-Body Radiation. According to the Stefan-Boltzmann?! 
law, a black body (one which absorbs all radiations falling on it, 
and which neither reflects nor transmits any) at an absolute 


31. Stefan, Ber. d. k. Akad. d. Wiss., 79B., 2 Abth., 1879, p. 391; 
Boltzmann, Wied. Ann., 22, p. 291, 1884, 
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temperature of T degrees, radiates from each square centimetre 
of its surface an amount of energy.?? 


j = 1.71 105 T* erg /sec (40) 


= 1.71 107? T* watt 


This radiation, at sufficiently high temperatures, consists of 
wave disturbances embodying all frequencies that are able to 
stimulate the optic nerves, besides a continuous series of fre- 
quencies in the infra-red and ultraviolet regions. 

The portion, W, of the total radiation per cm? that is capable 
of stimulating the optic nerves so as to given a sensation of 
light is to be obtained from the equation?? 


yl ue. Jd fEM S LEN RNG» | 
w-c (F)? 6-4 r { (7) + (7): +6 (F) + 6A ( 


T І 11-3 ae \ x) t x) 1, k ui al 
-с(т) о eem (к) +3 (F) +6 (Fees: 


erg /sec(41) 
where 4' = 0.000039 = wave length at violet end of spectrum іп 
cm. 
A’’ 20.000075 = wave length at red end of spectrum in cm. 
C —1.24 10° 
k = 1.4435 
е= 2.718 = Naperian logarithmic base. 


The visible radiation efficiency at any temperature T is therefore 


e= —- (42) 


Carbon filaments are generally considered to yield approxi- 
mately black-body radiation. 

The radiated energy is not equally distributed among the 
various frequencies. Planck* has shown that the energv 


32. F. Kurlbaum, Wied. Ann., 65, 1898, p. 746; Drude, Theory of Optics, 
p. 515. 
33. Mendelhall and Saunders, Astrophys. Journ., 1901, p. 46. 
34. Planck, Verh. d. Deutsch. Phys. Geo., 2, 1900, p. 202; Ber. d. k. 
Akad. d. Wiss., Berlin, 1901, p. 544, 
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radiated per cm? between wave-lengths А and 4+dA can be 
represented by the equation 


1 
E = Cà ——-— 


e1T—1 (43) 


The physiological characteristics of the normal eye are such 
that for different wave-lengths, different rates of energy are 
required to be received upon the retina in order to produce the 
same intensity of sensation. Therefore, while values of є 
indicate the stimulative portions of radiation, they do not 
indicate the amounts of luminous sensation that thereby might 
be produced. Although the sense responsiveness of the eye 
for a given color varies and depends on the individual, on the 
portion of the retina stimulated, on visual fatigue, and on the 
rapidity of iris response to variations in intensity, an average 
sensation equivalent of W can be obtained by making use of 
Abney's* coefficients of luminosity for the normal eye. With 
wave-lengths as abscissae values of E are plotted as ordinates. 
The values of E are each multiplied by the luminosity coefficient 
corresponding to the wave-length and used as ordinates in plot- 
ting a new curve. If the values of A be limited to the visible 
spectrum, then the area included between the first curve and 
the axis of abscissae, is proportional to W while the area Z 
between the second curve and the axis is proportional to the 
sensation equivalent. The luminous efficiency of the radiation 
is then 


n = (44) 


2 
j 

As the temperature of a black body rises not only does the 
power radiated increase but the predominating frequency rises, 


that is, the wave-length Àm at which the intensity of radiation 
is the greatest, decreases. At an absolute temperature? T 


0.2887 
T 


cm. (45) 


ds 


35. Abney, Color Vision, 1895. 
36. Drude, Theory of Optics, 1902, p. 523; Wien. Berl. Ber., 1893; p. 
. 55; Wied. Ann., 49, 1893, p. 633; 52, 1894, р. 132. 
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The intensity of the radiation at these wave-lengths, also increase 
as the fifth power of the absolute temperatures. 

If a black body, for example, a carbon filament, be considered 
as containing free electrons as well as atoms and molecules, then 
as its temperature is raised the mean kinetic energy of each 
electron will be increased. Inasmuch as the geometrical di- 
mensions of the filament are not materially altered by the 
change of temperature. it is reasonable to assume that the length 
of free path is not increased. The increase of energy 
causing an increase of electron velocities will result therefore, 
in an increased frequency of coilisions and an increased rate of 
change of velocities. This accounts for the direction of the 
shifting of Àm with rise of temperature, and for the accompanying 
increase of total radiation. Many of the collisions will occur 
oftener than at the preponderating frequency, and others will 
occur less often, which accounts for the character of the dis- 
tribution of radiated energy over a wide range of frequencies. 
The accelerations which accompany collisions of the higher 
frequencies are of necessity greater than in the case of lower 
frequencies. The radiated energy is therefore greater in the 
former case than in the latter, and the curve of distribution of 
radiated energy over different frequencies is not symmetrical 
but deviates from the curve of probabilities. 

Selective Radiation. No material radiates in accordance with 
the laws of black-body radiation. One of the first conclusions 
of Maxwell’s electromagnetic theory is that good conductors 
of electricity cannot be transparent. Hagen and Rubens” 
have shown how the absorbing power and the emissive power 
of metals can be calculated from their electrical conductivities. 
Their experimental results for the longer heat-waves are very 
satisfactory. Kirchhoffs law according to which the ratio 
between the emission and the absorption for all bodies has the 
same value, being a universal function of the absolute tem- 
perature and of the wave-length, has also been accounted for 
from the standpoint of the electron theory. Lorentz, using 
the expression for the electrical conductivity previously devel- 
oped [see equation (29)] has calculated the value of this function. 
He then compares the amount of energy radiated from a metal 
within the limits of certain long wave-lengths with the ex- 
perimental values obtained by Lummer and others, and finds 
that they are in accord. 


37. Hagen and Rubens, Ann. der Phys., 11, p. 873, 1903. 
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Luminescence. At all temperatures above absolute zero all 
bodies radiate energy. If the nature of the bodv be not changed 
by this radiation; that is, if it continues to radiate in the same 
manner, as long as its temperature is maintained constant by 
the addition of heat, the process is termed pure temperature 
radiation. If, on the other hand, the body changes because of 
the radiation, and does not continue indefinitely to yield the 
same radiation although its temperature is kept constant, the 
process is termed luminescence. The cause of some of the 
radiation in the latter case does not lie in the temperature of 
the system but in some other source of energy. According as 
the extra supplied energy accompanies either chemical trans- 
formations, exposure to light, or the passage of electric currents, 
the processes are respectively termed chemico-, photo-, and 
electro-luminescence. The total radiation from a body of this 
class is made up of two parts—that due to its temperature and 
that due to the extra energy. If the intensity of radiation of a 
body within any region of wave-lengths is greater than that of 
a black-body at the same temperature, luminescence must 
be present. This is frequently? taken as a criterion for the 
detection of luminescence. The frequencies of luminescent ra- 
diations are more or less restricted, being often evidenced by 
bright-line spectral distributions. The electrons which yield 
these radiations are supposed to vibrate harmonically under 
conditions that are not yet understood. That their movements 
are not governed simply by chance, seems to follow from the 
character of the spectra. Although change in the character of 
the material as a consequence of its yielding luminescent radia- 
tion may not be capable of detection by chemical analvsis, vet 
the atomic and molecular systems are nevertheless doubtless 
undergoing constant changes due to the loss or gain of electrons. 
The entrance of an electron into a system, or its ejection. must 
without doubt occasion complex harmonic disturbances of 
many or all the electrons in the system. 

If luminescent radiation be confined chiefly to wave-lengths 
of the visible spectrum, the luminous efficiency of the body 
becomes high. Herein rests the economic significance of the 
efforts being made to advance the art of lighting by means of 
vacuum tube and flaming arc lamps. 

A very interesting example of luminescent radiation is that 


38. Drude, Theory of Optics, p. 528. 
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which is yielded by photogenic bacteria. which are frequently 
found in sea-water and upon meats and fish that have been 
directly or indirectly infected by sea-water. They are the 
sources of light known as the phosphorescence of the sea. Some 
cases of phosphorescence in animals and in plants are explained 
as an infection with them. |. Gorham?? has shown that the light 
which they give is the result of chemical transformations ac- 
companying metabolism inside the cells of their bodies. When 
fed with substances such as asparagin or glycocoll they are 
able to grow and reproduce but not to give light. In Gorham's 
summary occurs the following: 


We therefore conclude that for light production there must be present, 
over and above the requirements for growth, the oxygen of the air, 
sodium or magnesium, and certain organic acids, derived from the de- 
composition of the carbon and nitrogen constituent of the food. 

The chemical energy resulting from the union of the sodium or mag- 
nesium with these organic acids, in the presence of oxvgen, or from 
the later combustion of the products of that union, is set free іп the 
form of light. 


The brightness of these bacteria considered as sources of 
light is very small. Lode'sf measurements show an intensity 
of emission of 0.00069 candles per square meter. This is too 
small to stimulate the color sense. The bacillus lucifer of 
Molisch,* however,1s much brighter,gives a continuous spectrum 
in the green, blue, and violet, and is able to stimulate the color 
sense. 

Conclusion. Although much is known concerning the size 
and mass of the electron, its electric and magnetic effects when 
in motion, and its radiation effects during acceleration, little 
more is known concerning its structure than that:*? 


It is the intrinsic strain-form alone that constitutes the electron; 
and it is a fundamental postulate that the form can move from one 
portion to another of the stagnant ether somewhat after the manner 
that a knot can slip along a cord. 


39. F. P. Gorham, The Photogenic Bacteria, Doctor's Thesis, Harvard 
Univ., May 1, 1903. 

40. Lode Zentralbl. für. Bakt., I 35, Ва., p. 524. 

41. Molisch, Leuchtende Pflanzen, 1904, p. 133. 

42. Larmor, ZEther and Matter, 1900, p. 335. 
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EXPLANATION. 


The following five articles* (pages 685-733) are “ Introduc- 
tions’’ to discussions to take place at the 24th Annual Convention 
of the Institute, Niagara Falls, N. Y., June 26, 1907, at 9:45 
a.m. They are not intended to be formal or complete papers, 
but to serve merely as a basis or framework for discussion on 
the subjects with which they deal. All those connected with 
the Institute and desiring to take part in these discussions 
may do so by being present at the meeting, or if this 15 not 
possible by sending in written '' Contributions." 

In contributing to a discussion, whether verbally or in writing, 
it is requested that the matter under discussion be taken up 
under the several subdivisions and in the order made use of in 
the Introduction, and that following the treatment of these 
subdivisions there be introduced any other matter which the 
contributor may deem advisable. When the contributions are 
made by mail on more than one of the topics under consideration 
at the same meeting, it 1s requested that the several contributions 
be embodied in separate letters. 

Contributions will be read at the meeting for which they are 
intended either in full, in abstract, or as part of a general state- 
ment giving a summary of views of those taking the same posi- 
tion in the matter under discussion. 

It should be borne in mind that each Introduction is written 
in order to provoke discussion, and that there should be no hesi- 
tancy in attacking if it does not agree with the opinions of the 
contributor. On the other hand, if the contributor agrees with 
the matter of the introductions, either in whole or in part, he 
should state the fact. 

It should also be borne in mind that the principal object of 
this scheme is to enable and encourage those not in a posi- 
tion to attend meetings to take part in a discussion. If one 
does not feel himself qualified to discuss certain parts of an 
Introduction, but is able to discuss other parts, it is to be hoped 
he will contribute to the latter. 

Contributions to the discussion of this paper should be mailed 
to Ralph D. Mershon, Chairman Transmission Committee, 60 
Wall St., New York, N. Y., so that they will be received not 
later than June 24, 1907. 


*By Messrs. Kintner, Moody, Scholes, Rowe, and Nicholson. 


A paper to be presented at the Ath Annual Conven- 
tion of the American Institute of Electrical 
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CHOKE-COILS VERSUS EXTRA INSULATION ON THE 
END-WINDINGS OF TRANSFORMERS 


BY S. M. KINTNER 


Surges along a transmission line are stopped and thrown 
back by choke-coils in a manner analogous to the reflection of 
water waves by a breakwater at the entrance to a harbor. The 
quiet of a harbor is obtained by setting up a strong wall capable 
of withstanding the shock of the waves that strike against it; 
so is the analogous quiet of a transformer obtained by placing 
a choke-coil in the path of a disturbance. 

A choke-coil will be effective in reflecting and shielding all 
back of it according to its strength. The strength of a choke- 
coil is measured by its inductance and its insulation. If the 
former is small, but little reflection will take place, the surge 
passing through the coil and continuing beyond it. If the 
insulation of the coil is weak and the inductance is of sufficient 
value to retard the on-coming wave and throw it back on to the 
line, the rise of voltage will cause a discharge over the coil-face 
and the wave will continue past the coil. These two conditions 
can be likened to a breakwater consisting of piling spaced so as to 
have little effect in retarding an incoming wave in the first in- 
stance; and іп the second instance to a breakwater of insuff- 
cient height so that the waves pass over it. 

With a given choke-coil on a given line, a certain fixed amount 
of protection will be afforded any apparatus placed back of the 
coil. There is no relation between the coil and the apparatus 
being protected that will make the coil more or less effective 
in its operation of throwing back surges that come in from the 
line. & The choke-coil wil produce the same percentage of 
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reflection regardless of what it is protecting, and consequently 
can be said to be affording the same protection. 

Tests indicate that the same percentage of protection will be 
afforded by the same coil for all parts of the same transformer; 
that is, measurements made over 200 turns of the winding of a 
transformer which was being subjected to static surges from a 
discharging condenser: first, when the transformer was unpro- 
tected; secondly, when it was protected by a choke-coil, 
showed practically the same percentage of protection afforded 
by the choke-coil when the measurements were repeated over 
only 20 turns of the transformer. А long series of tests, 
the results of a part of which have been recently made known to 
the Institute by Mr. R. P. Jackson.* have convinced the writer 
of the truth of the above statements. 

In choosing a choke-coil for a particular installation, the 
matter resolves itself into a consideration of: 1, the possible 
surge the apparatus can withstand safely; 2, the probable 
surge that can be transmitted over the proposed line, the 
line insulation indicating the maximum voltage that the surge 
can have during transmission; 3, the maximum allowable induc- 
tance that will not seriously affect the line regulation if an 
external choke-coil is used; 4, a consideration of the amount of 
money to be expended for choke-coils as insurance against 
interruption; 5, the selection of a choke-coil which will most 
nearly meet the above conditions, the selection being guided 
by the above, combined with the results of tests and curves 
similar to those shown in Mr. Jackson's paper. 

The question of whether part of the transformer winding 
should be made strong enough to withstand the surges—and thus 
have within its own windings a choke-coil that protects the rest 
of the apparatus—or whether an extra coil should be used, will be 
discussed below. 

The following is a list of the advantages and disadvantages of 
separate choke-coils. 


Advantages: 

1. On a choke-coil there is normally no voltage between 
turns, and consequently no tendency to hold a short-circuit in 
the event of a momentary surface-discharge. 

2. The choke-coil permits the construction of a transformer 
with uniform insulation throughout. This permits the safe 


* PROCEEDINGS A. I. E. E. December, 1906, p. 843. 


1907] KINTNER: CHOKE-COILS ` 687 


working of such a transformer with several methods of connec- 
tion to the line. 

3. The choke-coil allows the safe use of a cheaper transformer. 

4. The choke-coil can be insulated much more strongly than a 
transformer. 

Disadvantages: 

5. Increase in the number of pieces of apparatus. 

6. Increase in complication of station wiring when external 
choke-coils are used. 

1. One of the greatest advantages of choke-coils over extra 
insulation on the transformer windings lies in the fact that 
the choke-coil does not normally have a voltage between turns. 
In the event of a choke-coil insulation failing between turns, 
nothing in the nature of a short-circuit results, as there is no 
voltage-difference to maintain an arc. On the cther hand, a 
failure between turns in the insulation of a transformer is vital, 
and it is almost certain to result in a transformer burn-out. A 
part of the choke-coil will be cut out and will be inoperative, 
and consequently the coil less effective as a whole 1s the worst 
that can result from such a failure in the coil insulation. 

2. The second point of superiority of the choke-coil—allowing 
the use of a transformer which is uniformly insulated—is of great 
advantage to the builder, as well as to the operator. | 

In the majority of specifications for power transmission 
transformers, it 1s required that the transformer be capable of 
operating at one-half voltage at full rated capacity. In general, 
it is expected also that occasion may arise when the transformer 
may be operated either in star or delta connection. 

It is evident that to meet all the above conditions with 
certain parts of the transformer specially insulated, involves | 
some very complicated insulation arrangements, and requires 
extra insulation on a large part of the whole transformer. 

3. In consideration of the third point, that of cost of trans- 
former, it should be remembered that the better grade of power 
transmission transformers of 1000 kw. and upward are wound with 
copper ribbon, one turnperlayer. These coils are insulated uni- 
formly throughout, so as to stand momentary voltages of from 
5000 to 9000, between turns. In order to get this result, only 
about 8 to 10% of the available winding space can be used for 
copper, the rest being given up to solid insulation and oil-ven- 
tilating ducts. An increase in insulation over the above is not 
desirable with the insulating materials in use at this time; 
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for two reasons: first, the coils cannot be made strong enough 
mechanically to stay in place under the shocks to which they 
are subjected; secondly, the extra insulation retains the heat 
from the copper, and thus either burns out or necessitates a 
much lower rating of the transformer. 

It is very difficult for workmen to handle large coils with 
extra heavy insulation without injury to the insulation. 

It is therefore evident that a cheaper transformer can be 
employed when a protecting choke-coil is used. 

4. The fourth advantage of the choke-coil is that much better 
insulation can be obtained in it than in a transformer. This is 
due to the fact that more material can be used between turns, 
and it can be disposed to better advantage by allowing more 
extension beyond the copper than could be employed economically 
in a transformer coil; also the shape of the coil is much 
simpler than that of the average transformer coil and thus more 
readily lends itself to better insulation. 

5-6. The disadvantages of the choke-coil over the extra 
insulation are two in number; first, an increase in the number 
of pieces of apparatus; secondly, an increased complication 
in the station wiring when an external choke-coil is used. Both of 
these disadvantages are very materially reduced when it is 
permissible to mount the choke-coils inside of the transformer 
tank. It is thus possible to make the choke-coil a part of the 
transformer terminal, the coil being connected on the inner end 
of the terminal. 

For some installations it is possible to use choke-coils mounted 
out in the air and thus made a part of the station wiring, but in 
general the oil-insulated coil is to be preferred. Past practice 
has been to have each oil-insulated choke-coil mounted 1n its 
own tank, but there seems to be no good reason why they cannot 
be placed inside the transformer tank and thus save considerable 
floor space as well as outside wiring. 

After a thorough consideration of what is involved in the above 
points, it is the writer’s opinion that for a given expenditure 
to provide protection against surges, more can be obtained by 
the use of choke-coils than by extra insulation on the transformer. 


A paper to be presented at the Ath Annual Conven- 
tion of the American Institute of Electrical 
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PROTECTION OF THE INTERNAL INSULATION OF A 
STATIC TRANSFORMER AGAINST HIGH-FREQUENCY 
STRAINS 


BY WALTER S. MOODY 


Most forms of lightning-arresters, especially of the multigap 
type, protect transformers against high-frequency even better 
than against low-frequency strains so far as these strains exist 
between either the high- or the low-potential windings, or 
between either of these windings and any other part of the 
transformer; because the high frequency causes a greater con- 
denser charging current to flow across the gaps at the line end 
of the arresters, thereby reducing the resistance of these gaps. 
They do not, however, always prevent strains far in excess of 
normal being thrown upon the adjacent turns and layers of the 
windings; because, although the high frequency strain may be 
less than the working voltage, the frequency, and consequently 
the wave-length may be, and generally is, such as to concentrate 
this strain on a relatively small portion of the turns at the end 
of the windings connected to the line. 

There is a wide range in the frequency of the oscillations 
that may be set up in a given circuit under varying conditions 
due to atmospheric disturbances, partial grounds, switching, etc., 
this range easily extending from normal to several hundred 
thousand cycles. In the effort to impede all or a greater part 
of the high-frequency disturbances that try to penetrate the 
transformer windings, it has been quite common practice to 
place reactance-coils between the lightning-arresters and the trans- 
formers. While such coils are undoubtedly advisable and are 
quite effective, their use is attended with some objections. 

| 689 
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A wide range is found in the size of such coils employed by 
different authorities, varying from, say, 10 ft. of conductor 
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wound in a small diameter open spiral, to several hundred feet 
wound in forms more difficult to insulate. Evidence of more or 
less effectiveness of any of the different forms is usually forth- 
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coming, inasmuch as sooner or later there are sure to be conditions 
that wil generate very high voltages and frequencies. 

If, however, the reactance is such as to be effective against 
moderately high-frequency oscillations, it must, since it is 
connected between lightning-arrester and transformer, offer a 
very high impedance to the high frequency of the oscillatory 
currents which will usually be set up within the transformer 
itself, when a bound charge within it, is released by a stroke of 
lightning relieving some overhanging cloud. Under such 


conditions it is almost as bad to hold back the charge in the 
transformer as to keep a wave from entering under other con- 
ditions. 

. It is not my intention to add anything to what has been so 
ably said by Mr. Percy Thomas, Doctor Steinmetz, and others 
regarding the theoretical considerations involved in this problem. 
I simply wish to explain how a theory that very little preventive 
reactance is necessary to protect the winding of a transformer 
whose outer turns are heavily insulated has been carried out 
and tested on a large scale during the last four years. 
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The idea was naturally first put into practice in connection 
with large high-voltage transformers, but it has been gradually 
extended (although not so thoroughly) to smaller units 
operating on pressures as low as 10,000 volts. Thin coils, 
wound with one turn per layer of flat conductor, such as are 
commonly used in all the better sort of large transformers, are 
best adapted to such reenforcement of the insulation between 
turns. 

It is practicable to reenforce a considerable portion of the 
turns of a large transformer coil so that it will withstand from 
2,000 to 20,000 volts per turn, without greatly decreasing the 
space-factor of the winding or causing any considerable increase 
in cost. It is not practical to use as heavy insulation as this in 
smaller units, but as the size decreases, the length of a turn also 
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decreases, so that the difference of potential between two turns 
due to a given high-frequency wave is correspondingly less. 
One should aim, therefore, to have, not a given insulation strength 
per turn in this reenforced portion of a winding, but a given 
strength per foot. In like manner it is desirable to reenforce, 
not the same percentage of the total length of conductor in all 
cases, but more nearly the same total length, since a given wave 
will penetrate about the same linear distance into a transformer 
winding whatever the total length of conductor may be. 

In large transformers wound for 75,000 volts or less, it is 
practicable to resist a high-frequency wave whose magnitude is 
equal to the working voltage in some hundred feet or less of 
conductor. This means that a wave-length of 200 ft. or more, 
corresponding to a frequency of, say, 5,000,000 cycles, could be 
taken care of by such a transformer. If, in addition to this re- 
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enforcement, the transformer has external reactance of some 50 ft. 
іп length, a very considerable reduction of potential between 
the first few turns will result. 

Figs. 1 and 2 show a coil of a 2000-kw. 60,000-volt transformer 
in cross-section and side view respectively, which have such 
tapered reenforcements of the insulation between the outer turns. 
The cross-section clearly shows the three different thicknesses 
of spacing insulation between turns, and the side view of the 
coil on the form on which it was wound shows the extra in- 
sulating on the very first turns where the voltage 1s likely to be 
more than could be economically insulated against by spacing 
insulation only. 

The evident desirability of limiting the reenforced insulation 
to as short a length of the end portions of the winding as will 
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accomplish the desired results, indicates the need of a different 
location of tap connection than usual. Few transformers for | 
transmission work are made without taps to admit of operation 
with different ratios of transformation. Frequently, such taps 
cover a range anywhere from 10 to 80°% of the winding, апа if 
they are located so as to cut out the end portion of the turns, one 
must reenforce the insulation well within the inside tapor perhaps 
some 404, of the total winding. 

It has been our practice for some years, therefore, so to 
locate tap connections that they will cut out centrally located 
turns instead of end-turns, thereby not only placing them in an 
essentially safer position, but also avoiding the necessity of any 
more reenforcement than is required when all the winding is in 
service. 
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Some 750,000-kw. capacity of transformers embodying these 
ideas ranging in size from 300 to 7500 kw. and wound for 5000 
to 80,000 volts have been built in both air-blast and oil-immersed 
types. Most of these have been installed with a small pro- 
tective reactance, but many without such protection; and not 
one of these transformers has yet failed from any weakness of 
the internal insulation, although a considerable proportion of 
the transformers has been installed for three years. 


A paper presented at the 24th Annual Convention 
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TRANSMISSION LINE TOWERS AND ECONOMICAL 
SPANS. 


BY D. R. SCHOLES. 


For any given transmission line there is a certain length of 
span which is most economical. A determination of what the 
economical span is, in any case, can only be made by obtaining 
data showing the variation of each item of cost which changes 
with thelength of span. In a steel-tower line the cost of the 
tower is probably the most important among those items which 
vary with the length of span. As the span is made longer, 
the towers must be made higher and stronger. The purpose 
of this paper is to describe a method by which the relation 
between the height, strength, and cost of a tower of given 
form may be expressed. The application of this method 
to the problem of fixing the economical span will also be 
shown. 

A transmission tower has, in general, three duties to perform: 

1. It must have strength to resist wind pressure on its various 
members. 

2. It must have strength to withstand certain external loads 
due to cables, guys, etc. 

3. It must have strength to sustain its own weight. 

The weight of a given transmission tower may therefore be 
considered to be made up of three components, each component 
corresponding to one of these sources of stress. The following 
equation may then be written for the weight of the structure 
shown in diagram in Fig. 1, 


И = И, +W, +W, (1) 
695 
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in which W 2 total weight. 
Ww = weight necessary to provide strength against 
wind pressure. 
W, = weight necessary to provide strength against 
external loads. 
Ws = weight necessary to enable the structure to 
sustain 1ts own weight. 


Assume that the structure shown in Fig. 1 has been designed 
for a certain wind pressure, and for certain external loads of 
given amount and manner of application. Each member in 
the structure may be considered to involve three components of 
thickness, each component corresponding to one of the three 


FIG Г 


general sources of stress. In determining the value of Ww, 
the stress in each member resulting from wind pressure alone 
would first be computed; with this as a basis, the component 
of thickness of each member necessary to sustain the stress due 
to wind pressure alone would then be calculated. Having 
determined the component of thickness of each member cor- 
responding to the stated wind pressure, the value of Wy would 
follow directly. A similar method would be used in finding 
Ws, and Ws. 

This method will, perhaps, be made more clear by referring to 
Fig. II, which shows in cross-section one of the members of the 
tower of Fig. I. 
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In the figure, 
і = total thickness. 
tw = thickness corresponding to wind pressure. 
t, = thickness corresponding to external loads. 
t, = thickness corresponding to weight of structure. 
tw = thickness corresponding to component Wy of the 
weight of the structure. 
ls, = thickness corresponding to component W, of weight of 
structure. 


| Itis seen that t = ty-F f, 4t, (2) 
and, t = fy f, fy lg (3) 
since f = + bst- 


The thickness of any other member of the tower may be con- 
sidered to be divided up into parts in the same manner. Since 
і, is divided into the parts Ьу and ts, a corresponding division 
may be made in the term W, of equation (1) which gives 


W = WytW.+WswtWsr (4) 


where Wsw = weight necessary to provide strength to sustain 
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Wy and Wsw, and Ws, = weight necessary to provide strength 
to sustain W, and Ws. 

The structure shown in diagram in Fig. I involves members 
of three general kinds; namely, beams, struts, and tension- 
members. 

The bending moment produced in a given beam by a given 
load W may be expressed by the equation, 


M = CWI, where (5) 

M = maximum bending moment 

l =distance between supports 

C =constant, dependent on the manner in which the load is 
distributed. The relation between the bending moment and the 
stress in the most remote fiber of the beam is given by the 
equation, : 


M = 22 where (6) 


M - bending moment 

P = stress per unit area in most remote fiber of beam 
F = cross-sectional area of beam 

k = radius of gyration of beam section 

е = distance of most remote fiber from neutral axis. 
Combining these two expressions, the equation 


И = 5.7 (7) 


is obtained, which gives the load which the beam will carry, 
P’ being the ultimate strength of the material in the beam. 

Now if k is the radius of gyration of a g.ven figure, the radius 
of gyration of a second figure similar to the first but of different 
size is equal to nk, n being the ratio between corresponding 
inear dimensions of the two figures. 

If, therefore, a second beam be considered. exactlv similar to 
the first, but of different size and length, n being the ratio 
between corresponding linear dimensions of the two beams, 
the load which this second beam will carry 1s 
ras Prk rk? za РЕК T W 


ZEE Lc n Lu NP 

Culne Cle ' W s (5) 
Expressed in words, this relation may be stated as follows: 
The load which a beam of given form will carry varies as the 


square of its lincar dimensions. 
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The strength of a strut against compressive stress is given by 
Rankine's formula: | 
ГА 
И = ЕЕ where (9) 
1+ Ст» 


| 


W = ultimate strength of strut 

P' = ultimate compressive strength of material 

F = cross-sectional area 

l = length 

k — radius of gyration 

C = constant, depending on kind of material. 

And the strength of another strut, exactly similar to the first 
but of different size and length, и being the ratio between cor- 
responding linear dimensions of the two struts, is 


/42 ; , 7 
W, = ee = и? ыз also T. =n 
l +C rp 1+C —~ P (10) 


Expressed in words, this relation may be stated as follows: 

The load which a strut of given form will carry, varies as the 
square of its linear dimensions. 

The strength of a tension member is directly opido to 
its cross-sectional area; that is, it varies as the square of its 
linear dimensions. 

An investigation of the action of a member subjected to 
torsional loads, similar to those just made for beams, struts, 
and tension-members, would show a like relation ; that is, the load 
which a member of given form subjected to torsion will carry, 
varies as the square of its linear dimensions. This investigation 
is not undertaken here, however, because members of this 
character are little used in transmission towers. 

Returning to the structure shown roughly by Fig. I. It is 
usually assumed that the actual pressure on any part of such a 
structure, produced bv a wind of given velocity, is directly 
proportional to the exposed area of that part. Now the ex- 
posed area of any part is, in general, dependent on its length and 
breadth, but not upon its thickness. It therefore follows that 
if the structure shown in Fig. III 1s geometrically similar to that 
of Fig. I, in every respect except the thickness of its parts, and 
is of different size, the ratio between corresponding linear di- 
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mensions being n, the load produced on апу part of the second 
structure by a wind of given velocity is equal to s? times the 
load produced on the corresponding part of the first structure by 
the same wind. It also follows that the stress in any member 
of the second structure under these conditions, due to wind 
pressure, is equal to и? times that in the corresponding member 
of the first structure. 

For the structure of Fig. III, 


W’ = Ww t Wt W ow + Ws, (41) 


{ 
апа і! = letl itti swt и, (12) 


//G ІП 


From the foregoing discussion of the relation between the 
size and strength of beams, struts, etc., of given form, it is 
evident that 


ly = И lw (13) 
and W em = п? Ww É (14) 


both structures being calculated for the same wind pressure. 
Again referring to the equation for beams, 


Р'Е k? И" С/е 
W = =e or F = T pyr (15) 


1907] SCHOLES: TRANSMISSION LINE TOWERS 701 


It is evident that if k and e can be kept constant, the sectional 
area which a given beam must have to sustain a load distributed 
in a given manner varies directly as the load and directly as 
the length of the beam. The sections commonly employed as 
beams are angles, channels, and I-sections. By reference to 
any handbook of such sections it will be seen that for any of 
these sections of a given nominal size the area of the beam may 
vary considerably without producing more than a negligible 
change in the value of k or e. | 

Hence, if after the nominal size of a beam has been deter- 
mined, it is desired to vary either the load or the length of the 
beam, the sectional area should be made to vary directly as the 
load and directly as the length of the beam. 

From the formula for columns, 


E (16) 


it is seen that, if the ratio //k is kept constant, the strength of 
the column is directly proportional to its cross-sectional area. 

From the nature of a tension-member, its strength is pro- 
portional to its sectional area. | 

Again refer to Fig. I. It is assumed that this structure is 
subjected to the loads G,, G}, Су, etc., these loads being placed 
upon it through cables, guys, or the like. The application of 
each of these loads will, in general, produce certain stresses in 
each of the members of the structure. The stress in a given 
member produced by a given load will be directly proportional 
to the load, and the magnitude of the stress will depend on the 
particular position which the member occupies. If a certain 
system of loads, as G,, G,, G,, and G,, is applied to the structure, 
the resultant stress in any given part may be considered to be 
made up of the components А G,, B G,, C G,, and D G,—4, В, 
C, and D being constants. Also, if each of the loads is multi- 
plied by. a factor r, the resultant stress in any member will also 
be multiplied by that factor. 

Moreover, if a system of loads as G,, G,, Ga, etc., be similarly 
applied to another structure geometrically similar to that of 
Fig. I, but of different size, the stress produced in a given mem- 
ber of the second structure by these loads will be equal to that 
produced by them in the corresponding member of the first 
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structure. In other words, the stress in any member is de- 
pendent only upon the geometrical form of the structure and 
the amount and manner of application of the loads producing it, 
and is not affected by the actual size of the structure. 

Let the structure indicated in Fig. IV be geometrically similar to 
that of Fig. I in all respects exceptthe thickness of its members. 
Let the system of loads, r Gi, r G,, т G,, and ғ G,, applied to 
_ this structure be similar to that applied to the structure of Fig. 
I, but of different magnitude, the ratio between corresponding 
loads being r. Also let the structure of Fig. IV. be designed for 
a different wind pressure from that of Fig. I, the ratio between 
the wind pressures per unit area in the two cases being f. 


//6G IV 
For the structure of Fig. IV, 


W^" = Ит + W^, + Ис» + И”. (17) 


t” w + i", Е sw + РТ > (18) 


In view of the relations pointed out between the length, 
sectional area, and strength of the various kinds of members 
involved in the structures, it follows that 

Ww 
И”, 


nowy (19) 
nr Wa (20) 
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Wow = n'pWswt.... (21) 
Ws = n? T Wert eevee (22) 


To make equations (21) and (22) strictly accurate, terms 
must be added to represent the weight added to provide for the 
strength necessary to take care of each individual increment of 
weight. This will involve a convergent infinite series in each 
case. All terms of these series, except the first, are, however, 
relatively unimportant and will therefore be neglected. 

Substituting in equation (17) 


W” = nWpwWwtnrwW, tn р И; и? т Wo (23) 


This is a general equation, and, given the values of Wy, W, 
Wsw апа Wg, for the structure of Fig. I, it makes it possible to 
calculate the weight of the structure of Fig. IV. without going 
through the routine of calculating the stresses in each member 
and the sizes and weights of the parts necessary tocarry these 
stresses. 

The application of this formula to the problem of fixing the 
economical span for a given transmission line is obvious. A 
tower for a given length of span would be designed to furnish 
the strengths necessary for that span. The design would be 
made in accordance with the manufacturing facilities available 
for producing the structures. The stresses in each member 
would be carefully calculated and the values of Wy, Wi, Wsw 
and Ws, found for the structure. Having found these values, 
the weight of any similar structure for any length of span could 
be determined by substitution in equation (23). 

It is to be observed that this method of treating the case 
assumes that both wind loads and external loads are to be applied 
to the structure simultaneously. This is usually the case. In 
other cases, however, the method to be pursued would be 
similar, but modified to suit the peculiarities of the case. 

It is also to be borne in mind that formula (23) contemplates 
that variations in the cross-section of any member will be 
made in such manner that the radius of gyration of the section 
wil be kept proportional to m in every case, and also that no 
appreciable variation from geometric similarity will occur. 
These assumptions do not involve any appreciable inaccuracy 
within the range of ordinary practice. 

Before the problem of providing steel towers for,supporting 
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the cables of a given transmission line can be considered, the 
general features of the line, its voltage, size of conductor, etc. 
must be fixed. To show the application of the formula just 
developed, the following set of general assumptions has been 
selected as a working basis, and it is believed that they are in 
accord with average high-grade practice. 


GENERAL ASSUMPTIONS. 


System: three-phase alternating current. 

Conductor: 400,000 cir. mils. stranded copper. Сгоѕѕ-ѕес- 
tional area 0.3145 sq. in. Outside diameter 0.73 in. Weight 
per foot 1.22 lb. 

Spacing: 7 ft. delta, for 500-ft. span. 

Minimum clearance: 30 ft. between ground and lowest conduc- 
tor at center of span. 

Temperature range: 40? fahr. to 110? fahr. 

Sleet: 0.5 in. all around cables. Diameter of conductor with 
sleet 1.73 in. Weight per foot with sleet 1.98 Ib. 

Wind pressure: 30 lb. per square foot normal to plane surfaces. - 

Test factor of safety: 2. 

It is further assumed that at occasional intervals along the 
line, the structures will be stayed by guy-cables in the direction of 
` the line, and that the cost of such staying will not vary with 
the length of span. To provide in all structures a certain 
amount of strength against loads on the insulators, in the direc- 
tion of the line, it is assumed that in the tower for the 500-ft. 
span, an unbalanced test load of 2000 Ib. will be applied to the 
top of each insulator pin in a horizontal direction parallel to the 
line. 

In explanation of the term “ test factor of safety," it may 
be said that it has become usual for purchasers, in issuing 
specifications for towers, to require that the structures must 
show, under actual test, their ability to withstand the loads due 
to the assumed wind pressures, weights, etc., with a certain 
factor of safety. In calculating the load to be applied to the 
top of an insulator pin, for instance, to test it for strength 
against wind pressure on cables, the effective area of the cable 
with sleet would be multiplied by the stated wind pressure and 
by the factor 2. The load thus obtained would then be actually 
applied to the structure, and its acceptance would depend upon 
its ability to withstand such tests. In order that the structure 
may have a certain margin of strength over and above that 


[E , 
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actually required to withstand tests based on a test factor of 
safety of 2, the sizes of the members will be calculated with 
reference to a factor of safety of 2.5 based on ultimate strength. 

In determining the sag corresponding to each length of span, 
reference has been had to the curves given in Fig. 9, calculated 
by Mr. Ralph D. Mershon, and here reproduced through his 
courtesy. These curves indicate in each case the sag for maxi- 
mum temperature, this sag being so determined that, when 
under minimum temperature and maximum wind and sleet 


Q Q 
bag еер » 
Y 


x 


loads, the conductor will not be stressed beyond its elastic limit. 

With the foregoing set of conditions at hand, computations 
have been made of the cost of each of a series of structures for a 
500-ft. span, these structures being of varying width of base 
but uniform in height. The purpose of these computations is 
to show the relation between the width of base and cost for 
such structures, and to obtain an indication as to what ratio 
between height and width of base is most economical. This 
series of structures is shown in diagram in Fig. V. А curve is 
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given in Fig. VI showing the relation between the width of base 
and the cost per structure. The cost of each structure has 
been figured on a basis of $4.50 per 100 lb. delivered in the 
field. The construction involves standard angle and flat steel 
sections, standard butt-weld pipe, and some simple forgings. 
It has been assumed that all parts would be properly galvanized, 
so no limitation has been made as to the minimum thickness of 
material, it being simply required that the members be of 
sufficient strength to meet the conditions laid down. The 
construction admits of shipment knocked down and bundled, 
and it is believed that the figure $4.50 per 100 Ib. for structures 
of this class delivered in the field, is quite safe. 

It will be seen, by reference to the curve in Fig. VI, that the 
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cost of the structure alone is least when the ratio of width of 
base to height is about 1 to 4. This conclusion has reference, of 
course, only to the span of 500 ft. and to the conditions and type 
of construction adopted. 

The width of base of the structure has an important bearing 
on the cost of the line, aside from its effect on the cost of the 
tower structure itself, since it affects the cost of foundations, 
the cost of right of way, and the cost of assembling and raising 
the structure in the field. Now it is a difficult and uncertain 
matter to estimate the variation of cost of these items for a 
general case. Hence a determination of the economical width 
of base for certain assumed conditions would be of but little 
interest in the present connection. 


707 


SCHOLES: TRANSMISSION LINE TOWERS 


1907] 


APPLICATION OF THE FORMULA. 


The structure having a width of base equal to one-fourth its 
height has been selected as a basis for calculations of the weights 


of towers for longer spans. 


An investigation of this structure 
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has been made to determine the values of Wy, Wa, Wsw, and 


Ws., and the following values arrived at: 


34 
60 


W sw 


Ww = 383 
И; = 813 


Wa 
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The table given below gives the results obtained by means 
of the formula for a series of towers similar to No. 4 in Fig. V, 
but for spans up to 1000 ft. Since all towers in the series are 
to be for the same wind pressure, f is equal to unity in each case. 
Also, r is proportional to the length of span, since the external 
loads are due to wind pressure on the cables and the weight of 
the cables. 

These results are shown graphically in Fig. 7 by the curve 
which gives the relation between the length of span and the 
cost of towers per thousand feet of line. By properly represent- 
ing to this same scale the cost of insulators, foundations, right 
of way, etc. per thousand feet of line, corresponding to the 
various lengths of span, and adding the corresponding ordinates 
of all these curves, a resultant curve will be obtained. This 
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resultant curve will show the relation between the length of 
span and cost of those items which vary with the length of span, 
and it will therefore indicate the economical span for the as- 
sumed conditions. 

A curve showing the cost of insulators per 1000 ft. of line is 
given in Fig. 7, the insulators having been figured at $5.00 
each, erected in the tower and with the conductor secured to them. 

The curve in Fig. 7, showing the cost of foundations per 
1000 ft. of line has reference to the type of foundation shown in 
Fig. VIII, and to the following method of calculation. 

lt is a usual assumption that the strength of a foundation 
against a force tending to pull it out of the ground is directly 
proportional to the weight of the foundation plus the weight of 
earth contained in the figure A B C D. 

If the foundation in Fig. VIII has strength to resist a re- 
sultant force P, a second foundation, exactly similar to it but of 
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different size, would have strength to resist the force n* pn 
being the ratio between corresponding linear dimensions of 
the two foundations. Now it seems fair to assume that the cost 
of such a foundation would vary directly as its volume. The 
cost of the foundation would therefore vary directly as the 
resultant force whichit is capable of resisting. 
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Referring to some experiments made at Chicago on a founda- 
tion similar to that of Fig. VIII, and to the records showing the 
actual cost of the foundation in the field, ready to receive the 
structure, the following basis for calculation was obtained: 


Resultant force sustained by foundation..... 24,000 Ib. 
Cost of foundation.......... eee 0 eee $15.25 
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By calculating the resultant force which would come upon 
the foundation from each of the structures given in Table I, 
and making the cost of foundation for each structure proportional 
to that force, on the basis of the data above given, thecurve 
showing the foundation cost per 1000 ft. of line given in Fig. 7 
was obtained. It is to be observed that this curve is quite flat, 
indicating that the foundation cost does not vary to any great 
extent as the length of the span is varied. 

The curve of combined cost of towers, foundations, and 
insulators was obtained by adding the respective ordinates of 
the curves giving the separate costs of these items. This 
curve indicates that, for the assumed conditions, a span of 
about 425 ft. would be most economical. 

It is to be observed that in the foregoing solution the determin- 
ing factors are the tower cost and the insulator cost. As the 
price per insulator is increased, the economical length of span 
would be increased, and vice versa; in other words, the higher 
the voltage the longer the span should be. 

For a low-voltage line the economical span would be some- 
where between 300 and 400 ft., as far as the methods of calcula- 
tion here employed can determine. Each structure in this case 
would, however, be a very light affair. It is probable that in 
the average case a somewhat longer span would be decided upon 
in order to give each structure greater individual strength and 
thus make it safer against damage due to external causes. 

In case it is desirable to impose limitations of this sort, the 
formula must be modified accordingly, by subdividing the 
component of weight into parts; as for instance, by letting 


W. == Wsi +W + Wos Ис, 


where Wsi, Ис, Wo, and Ws, are components of weight cor- 
responding to the loads G,, G,, G, and G, respectively. | 

These loads may then be made to vary at different rates, 
or some may be kept constant and the others varied in such 
manner as may be desired. Suppose, for example, it is assumed 
that each structure should have strength to resist the loads due 
to the breakage of any two conductors. These loads would 
be the same regardless of the length of span, whereas the loads 
due to wind pressure on the cables would vary according to the 
length of span. 

These assumptions will, in general, tend to make the economi- 
cal span longer. 
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LIGHTNING-RODS AND GROUNDED CABLES AS A 
MEANS OF PROTECTING TRANSMISSION LINES 
AGAINST LIGHTNING 


BY NORMAN ROWE 


The following is practically a summary of lightning trouble 
during the years 1904, 1905, and 1906, on a steel-tower, long- 
span transmission line in the states of Michoacan and Guana- 
juato, Mexico. 

The main transmission line, built in 1903, was the first one 
constructed on steel towers. These towers were of standard 
type, the height being 40 ft. from the top of the cross-arm 
to the ground. Three wires were placed upon the towers in the 
form of an equilateral triangle, the upper wire being supported 
upon a 3-in., extra heavy pipe, which formed the continuation 
of the tower; the other two being placed at the ends of a double 
channel-iron cross-arm, approximately 7 ft. in length, the sides 
of the triangle being 6 ft. The insulators used were 12 in. 
high and 14 in. in diameter. These insulators were cemented 
directly on cast-iron pins. The pins for the top insulators 
were made to screw on the 3-in. pipe; those for the side insulators 
had a square shank and were secured to the cross-arm by two 
8-in. bolts. The conductors were 19-strand, hard-drawn copper 
cable, equivalent to No. 1 B. &. S. solid copper wire. There 
were no wooden pins or cross-arms used on the towers. For 
protection against the line voltage as well as any high voltages 
due to lightning discharges, dependence was placed entirely on 
the insulators. 

The ordinary length of span was 440 ft., but there were sev- 
eral spans of 1200 ft. and one of approximately 1600 ft. The 
line was designed for 60,000 volts at the generating end and 
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51,000 at the receiving end. The length of the line was ap- 
proximately 101 miles. 

ı The line is tapped at Irapuato, approximately 75 miles from 
the generating station and 26 miles from Guanajuato. At this 
point there is a sub-station where lightning-arresters of the 


Fic. 1— Showing line as originally constructed 


usual station type are installed to protect the step-down trans- 
formers. From this it will be seen that there is a chance for 
the line to discharge at this point as well as over the arresters 
at either end of the transmission line. 

Thus far there have been three rainy seasons, which in the 
part of Mexico where the line is situated, generally last from 
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June until October. Heavy thunder storms come up nearly 
every day during July and August, and there is a storm on 
an average of every two days through a period of four months. 
During the rainy season of 1904, there was considerable trouble 
with lightning; the next season there was less, and during the 
rainy season of 1906, comparatively little trouble wasexperienced. 
The nature of the troubles, the expedients tried to overcome 
them, and the provisions for overcoming future lightning 
troubles, will now be considered. ° 

The rainy season of 1904 came on with great severity in April, 
two months earlier than usual, and lasted until October. The 
injury to the transmission line from lightning was mostly con- 
fined to the puncturing of the top insulators by direct bolts of 
lightning, and in most cases a hole was bored through the top 
insulator nearly in a vertical line to the pin. These holes were 
approximately one inch in diameter and the sides were glazed. 
Usually, the insulators were badly shattered, but on putting 
the parts together one could generally find the glazed hole 
above referred to. Some side insulators were lost, but they 
were almost invariably injured at the time when the top in- 
sulators on the same, or adjacent, towers were injured. The 
side insulators were never punctured from the top in a vertical 
direction, but in some cases they showed a small puncture in a 
horizontal direction from the tie-wire to the pin. In nine 
cases out of ten, however, they were not punctured at all; but 
half of the top and portions of one or both petticoats on the 
same side were broken, presumably by the power current 
following lightning discharges over their surfaces. 

As the principal trouble apparently came from direct bolts 
of lightning striking the top insulators, it was thought ad- 
visable to erect lightning-rods on the towers on the section of 
the line where most trouble had occurred. At that time the 
placing of a grounded cable over the transmission wires was 
discussed, but as this could not be done before the end of the 
rainy season, for suitable material could not be obtained in 
Mexico, it was decided to put up lightning-rods and get the 
benefit of experience with them during the rainy season then 
in progress. 

Lightning-rods were erected in pairs, starting from the 3-in. 
pipe at the point where the cross-arm in pairs was attached, 
and projecting up on either side of this pipe to a distance of 6 ft. 
above the top insulator, at an angle of about 30 degrees from 
the vertical. 
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By the middle of August one-half of the line giving the 
most trouble was equipped with lightning-rods, and there had 
been erected quite a few rods on towers that were considered 
as being particularly exposed to danger from lightning. After 
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Fic. 2—Showing first change. Top insulator lowered, grounded 
cable in place, and lightning-rods left in position 


the erection of these rods the difficulties were very much less, 
although there was still some trouble on the section of the 
line where they were in place. In no case were top insulators 
punctured through from the top as on the towers where rods 
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were not in place, but when insulators were injured they 
usually had a part of the top and a petticoat broken on the 
same side. There were also a few cases where insulators were 
punctured in a horizontal direction from the tie-wire to the pin. 
During one very severe storm, eight insulators were broken on 
seven towers spread out over a distance of 14 towers. As the 
towers were spaced 12 to the mile it is improbable that the 
same discharge of lightning could have caused all of this trouble, 
unless it was transmitted over the power lines. Of the eight 
insulators injured none was punctured; they were apparently 
damaged by the current going over theirside. Although these 
insulators were badly injured, the service on them was con- 
tinued, but at a slightly reduced voltage. 

One quite remarkable case happened in the Guanajuato sub- 
station, due, perhaps, to a bolt of lightning striking the line 
about a mile away. One of the men was standing in a balcony 
in Guanajuato watching the lightning display, when apparently 
a very heavy discharge struck the tower line, located over 
a hill just out of sight. At the same moment the lights in the 
room went out, showing that the service had been interrupted. 
The lightning which caused this interruption of service came 
into the sub-station over the top wire and jumped 4.5 ft. through 
air to ground, at the same time going to ground over the light- 
ning-arresters. An insulator over which the arc formed in the 
sub-station had half of the top cracked off, but no injury was 
done to the transformers or other equipment. The towers 
were carefully examined near where the lightning was seen to 
fall, but there were no broken insulators or other evidence to 
show that the bolt had struck the line. However, as lightning 
had been previously seen to strike the towers without causing 
trouble, it was thought that a bolt of lightning had struck the 
tower line, a portion of this discharge coming over the wires 
into the sub-station. At the place where the bolt was supposed 
to have struck; the towers, on exposed places, were equipped 
with lightning-rods. 

These cases are cited to show that insulators at a distance from 
heavy discharges of lightning may be subjected to very severe 
voltages, and, from all the data at hand, it is believed that the 
lightning-rods were efficient in protecting the insulators from 
direct bolts of lightning, and that the trouble that was still 
present on the section of the line equipped with lightning-rods 
was due to discharges traveling along the transmission wires. - 
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During the season of 1904, the line troubles were quite evenly 
distributed over the first 50 miles of line out of the generating 
station. There were only two cases of trouble outside of this 
section that caused injury to the line insulators. Equipping 
this section with lightning-rods was begun in June and finished 
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Fic. 3—Showing present appearance of line. Lightning-rods removed. 


in August. This section of the line, except for a stretch of 
15 miles, was left as equipped in August, 1904, until October 
1906, or through more than two lightning seasons. As there 
was less trouble on this section of the line during these two 
seasons than during a portion of the lightning season of 1904, 
it is evident that the lightning-rods were at least partly effective. 
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After finding that lightning-rods were not a complete protec- 
tion, it was decided to make the experiment of lowering the top 
wire and putting up a grounded cable in its place. However, 
on account of delay in receiving material, very little was ac- 
complished in time for the rainy season of 1905 and the ex- 
perience with lightning during that season, was the same as 
that obtained during the rainy season of the previous year, ex- 
cept that there was much less trouble. 

In the winter of 1905-1906, it was decided to install larger 
insulators on the tower line, and at the same time to lower all 
of the top cable to a position below one of the original side 
insulators. On the highest point of the tower, in place of the 
top transmission cable, it was decided to string over the entire 
line a }-in., 7-strand, steel cable, grounded at each tower. In- 
sulators 174 in. in diameter, 20 in. high, were adopted for the 
first 60 miles of line out of the generating station, and the same 
insulator with a 14-in. top for the other 40 miles of line. It 
was unfortunate that the insulators with the 174-in. top were 
not ready, so as to complete the line changes in time for the 
rains, but half of the line out of the Guanajuato sub-station was 
finished before the time for severe lightning storms had arrived. 
The other half of the line had been equipped the first year with 
lightning-rods, which were still in place, the top cable being in 
its original position on this section, except for a distance of 15 
miles. 

During the rainy season of 1906, the transformers were 
connected in star on the high-tension side, the center of the 
star being grounded; and in order to detect instantly when there 
was a ground on the line, a series transformer was put into this 
grounded line and the secondary leads carried to the switchboard, 
where an ammeter was connected to them. With this arrange- 
ment, when an insulator broke down, or the power current 
followed the lightning over the insulator, the station operator 
could tell when there was a ground on the line; and by shutting 
down at once he was able to prevent the burning off of the 
transmission wire. Usually when a ground appeared and the 
power was cut off, the line was found in good condition on 
again starting up. | 

There was no apparent trouble from lightning during the 
rainy season of 1906, on the section where the grounded cable 
was in place. On several occasions grounds came on the lines 
during lightning storms, and the power was immediately cut 
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off in order to clear them. In general, these grounds could not 
be located, so it cannot be said that lightning did not go over 
the surface of the insulators on the section where the grounded 
cable was in place. The section where there was no grounded 
cable in place, but where the lightning-rods were erected, still 
gave some trouble, but the total amount was much less than in 
any preceding year. 

The part of the line found to be the hardest to protect during 
all three rainy seasons was the middle of the 75-mile section 


Fic. 4—Insulator perforated and broken by lightning bolt 


from the generating station to Irapuato; in other words, the 
part of the line farthest from the location of lightning-arresters- 
This would indicate that arresters for discharging the line, 
located say every 25 miles, would be a valuable protection. 

The experience of the last three seasons prompts the writer 
to offer the following suggestions: 

]. Insulators should not be disposed upon poles or towers so 
that they will be in the path of bolts of lightning going to ground 
by the supporting structure. 
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2. A grounded cable strung above the transmission wires at 
the highest point of the tower, 1s certainly more effective than 
lightning-rods in protecting the insulators and conductors 
from direct bolts of lightning. 

3. Lightning-arresters for discharging the line in case very 
high voltages are present on the wires, would be of some value 
if located along the line at frequent intervals. 

4. On steel construction, an insulator should be used that has 
a high margin of safety against puncture and arcing over. 

It seems at present general practice to use insulators for high 
potentials with practically no margin of safety, and when the 
conditions are severe there is almost sure to be trouble. Aside 
from trouble with the puncturing of line insulators by direct 
bolts of lightning, which was apparently prevented by the use 
of lightning-rods on towers, nearly, if not quite all, of the trouble 
on this line has come from the breaking down of insulators by 
the current going over their sides, or through them, from tie- 
wire to pin. The writer ventures to assert that if the insulators 
had been much better, there would have been little trouble on 
the line where the lightning-rods were in place. Moreover, as a 
grounded cable undoubtedly affords better protection than 
lightning-rods, with a suitable grounded cable strung over the 
transmission wires, and better insulators, so disposed as to be 
out of the path of direct bolts of lightning, even without the 
installation of lightning-arresters along the line there would 
result a line that should be practically free from lightning 
troubles. 

NoTE.— While personal experience suggests that the use, on 
iron construction, of insulators with a high factor of safety will 
greatly reduce troubles from lightning, it was decided to change 
our line insulators on account of trouble from an entirely different 
cause. During some months of the year the insulators become 
covered with condensed moisture just at sunrise, due to a very 
sudden rise in temperature, from the temperature of about zero 
centigrade. This often left insulators on the portion of the 
line where the temperature variation was most severe, covered 
with condensed moisture nearly as heavy as hoar-frost; and 
during the few moments when this effect lasted, the power 
current was apt to arc over the surfaces of the insulators. The 
old insulators were considered by the company's engineers as 
the best obtainable in 1902, and the insulators decided upon in 
January, 1906, were the largest commercial insulators on the 
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market. A very much better insulator was desired, but for 
want of time to develop something better it was necessary to 
adopt an insulator with a factor of safety somewhat lower than 
that intended to be used. The apparent freedom from lightning 
trouble on the part of the line equipped with larger insulators 
and grounded conductor is due perhaps as much to the use of 
better insulators as to the grounded cable. 
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LOCATION OF BROKEN INSULATORS AND OTHER 
TRANSMISSION LINE TROUBLES. 


BY L. C. NICHOLSON. 


Injury to a single insulator, under certain conditions of opera- 
tion, renders an entire transmission line, many miles in length, 
entirely inoperative until the faulty insulator be discovered and 
replaced. . The longer the line the more difficult it becomes to 
find a broken insulator, or to locate other irregularities in operat- 
ing conditions, and a correspondingly long time is consumed in 
restoring the line to service. 

When long lines are sectionalized by disconnecting-switches 
spaced at regular intervals, 1t 1s possible, by successive applica- 
tions of voltage to section after section, to determine the par- 
ticular section which contains the fault, and then to locate 
the exact point of failure by patroling a considerable length of 
line. This process is tedious on account of the necessity of 
manipulating the line-switches upon telephonic advice from 
the generating station, and by reason of the time required to 
patrol the particular section containing the fault. For these 
reasons it is desirable to employ some method of locating faults 
by means of electrical measurements which shall be capable of a 
reasonable degree of accuracy, and of being performed in a short 
time. 

There are several well-known methods of locating faults 
electrically; among these are the Varley and Murray loop tests. 
These and other ordinary methods operate with low-voltage 
direct current acting upon a Wheatstone bridge arrangement of 
resistances and galvonometer, and are readily applied to metallic 
circuits suffering from a total grounding or short-circuit. If, 
however, the fault be a partial one, such for instance as occurs on 
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a high-voltage transmission system when an insulator becomes 
defective by puncture,or otherwise,it is impracticable to apply 
any of these methods, since a high voltage must act to develop 
any current-flow under these conditions. It is manifestly im- 
practicable to manipulate adjustable resistances quickly and 
accurately in a high-voltage circuit, or to use direct-current in- 
struments such as a galvonometer, because alternating current 
is demanded by the relatively high voltage which it is necessary 
to employ. It will be appreciated that for a fault-locating 
method to be trustworthy, it must be adapted to the normal 
operating potential of the transmission line, inasmuch as 
partial faults sometimes develop which will withstand normal 
voltage for a short time. It is therefore essential and also 
desirable to employ the generating, transforming, and switch- 
board apparatus of the generating station for making fault- 
location tests upon the transmission lines. A simple scheme of 
connections involving the manipulation of a few hook-switches 
has been employed for this purpose upon a long-distance high- 
voltage circuit, and it has been found possible to locate quickly 
and accurately any fault seriously interfering with operation. 

The particular plant upon which such a test has been operated 
transmits power at 60,000 volts, 25 cycles, three phase, over 
lines approximately 160 miles long. The line conductors are of 
aluminum, spaced seven feet apart, and are carried partly on 
steel towers and partly on wooden structures. In both cases 
the insulators are supported on electricallv grounded steel pins, 
a ground-wire being used for this purpose on the wooden struc- 
tures. The step-up sending transformers operate delta-star 
with neutral grounded. Under these conditions of operation 
and line construction, it is evident that an insulator becoming 
disabled flashes and holds an arc between the line conductor and 
the insulator pin, which constitutes a short-circuit on one of the 
transformers and prohibits further service until the injured 
insulator be replaced. Causes other than broken insulators 
may interfere with operation; for example, branches of trees 
fouling wires during wind storms, or even malicious interference. 
However, trouble necessarily appears from one wire to earth, 
or from wire to wire. 

The method of locating faults referred to above, consists in 
supplying current from a generator and transformer to the fault 
to earth through a divided circuit or a loop, formed by joining two 

\ ine conductors together at both ends, one of the wires so con- 
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nected containing the broken insulator to be located. The 
total current supplied, divides quantitatively between the 
branches of the loop in a proportion depending upon the ratio 
of the two impedances to the fault which ratio is determined 
by, and therefore is determinative of, the location of the fault. 
Indicating ammeters or integrating wattmeters connected 
in the two branches of the loop by means of proper transformers 
show the current or power supplied through the respective 
conductors. Amperes or watts so measured, together with the 
known electrical constants of the line under test, serve to de- 
termine the geographical location of the fault. Evidently, 
only the relative currents flowing in the two paths at the same 
instant, or the relative integrated power delivered during any 
length of time, need be ascertained. 

Fig. 1 shows the scheme of connections which has been em- 


BTEP-UP TRANSFORMERS 


> p METALLIC BHORT-CIRCUIT 


R 


FAULT TO EARTH 


Fig. 1 
SCHEME OF CONNECTIONS. 


ployed. The loop consists of wires À and B which have a 
metallic short circuit placed on them at the generating station 
just inside the current transformers, and a similar one at the 
receiving station just outside the disconnecting switches. It 1s, 
of course, necessary for the generating station operator to order 
a short circuit placed on the proper wires at the distant end of 
the line when a test is to be made. / isthe high-tension wind- 
ing of a power transformer. Its connection to earth is 
through the neutral which operates grounded. The particu- 
lar transformer used will depend upon which wire 1s in distress. 
К isa limiting resistance connected in series with the loop, and 
is designed to limit the total flow of current to the capacity of 
the transformer and the measuring instruments. At V is repre- 
sented a fault to earth, which usually takes the form of a broken 
insulator, over the surface of which current flows through an 
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arc. А,, А, A, represent indicating ammeters in the second- 
aries of current transformers. 

The limiting resistance К may be connected in either the high- 
or low-tension side of the transformers. The amount of 
resistance used, depends largely upon the character of the 
fault to be located. It must be large enough properly to 
limit the current flow, and must not be so high that it 
will interfere with a continuous flow of current through an arc 
after the fault has developed. Moreover, when testing for a 
fault which will resist nearly normal voltage, on a long trans- 
mission line taking a large charging current, there occurs a loss 
of potential across this resistance on account of the charging 
current flowing through it, so that the potential operating upon 
the fault may be less than normal potential of the system and 
too low to flash over the injured insulator. To obviate the 
necessity, under such conditions of raising the voltage of the 
system above' normal, an expulsion fuse, F, shunting this limiting 
resistance has been employed. The capacity of this fuse must 
be at least equal to the normal charging current of the line. 
Its use ensures full voltage at the fault and allows the current 
flow to be properly controlled by the resistance K after the fault 
has developed and the fuse has burned. Any automatic over- 
load circuit-breaker could be substituted for the fuse. 

Since the resistance drop is in quadrature with the condensance 
voltage, a fuse or its equivalent is necessary only when testing 
long lines, and then very rarely. 

A cheap and entirely satisfactory form of resistance, well 
adapted to use in the high-tension circuit, consists of ordinary 
cement concrete columns supplied with expanded-metal termi- 
nals. Four columns, 12 ft. long, a square foot in section, each 
having a resistance cold of about 2000 ohms, have been used in 
multiple or singly as occasion demanded. The temperature- 
resistance coefficient of concrete being large and negative, it is 
an easy matter to arrive at a proper resistance by heating the 
columns with current. Such flexibility in this resistance has at 
times proved very convenient. 

Experience so far obtained, indicates that in a large majority 
of insulator failures, a 1,000-ohm concrete resistance in the 
high-tension side does not prevent flashing of a broken insulator, 
nor does it interfere with satisfactory current readings. Oc- 
casions do arise when the fuse is necessary, and when a com- 
paratively low resistance must be used to maintain an arc at the 
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fault long enough to obtain current readings on indicating 
ammeters. It appears that after an arc has once been es- 
tablished it will hold indefinitely, provided the current flow be 
not too restricted. The more incomplete the fault and the 
longer the striking distance, the larger the current required. 
From 50 to 100 amperes has proved an appropriate range of 
current for general testing purposes. Variations that occur 
when using this amount of current areusually gradual—being due 
to decreasing resistance of the concrete—so that there is rarely 
any difficulty experienced in obtaining satisfactory simultaneous 
ammeter readings during a period of, say, five or ten seconds. 


i — e ^ 


Fic. 2. 


On account of conditions at the fault being unfavorable to a 
steady flow of current, trouble may be had in reading indicating 
instruments which are not dead-beat. In such cases integrating 
wattmeters may be resorted to, to obtain a comparison between 
the power supplied to the fault through the two sides of a loop. 
Only in extreme cases, such for example as disturbances caused 
by swinging tie-wires or tree branches, is it necessary to use 
wattmeters. 

Fig. 2 shows an insulator broken by a stone in such manner 
that it withstood operating potential for a few seconds, the 
striking distance being about seven inches. This insulator was 
located easily with ammeters which were not dead-beat. 
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The effect of an arc upon the cable is an important considera- 
tion. If it is burned so as to require splicing, considerably 
more time is consumed in restoring the line to service than if 
only a broken insulator is to be replaced. This is particularly 
true with long spans, on account of the weight of the cable to be 
handled. Under ordinary operating conditions it is impossible 
to know how much the cable is burned by the short-circuit 
current at breakdown and how much by the testing current. 
Damage to the cable by an arc carrying 100 amperes 
sustained forty seconds has been found to be insignificant 
when the striking distance is several inches. It appears that 
there is some damage if the arc is short and confined, such as 
would obtain in the case of an insulator punctured through the 
head. However, during the short period required to read the 
instruments, the cable does not suffer materially. Where 
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shields are used to protect the cable, there is no damage in any 
event. 

Since the current through the faulty conductor varies from 
one half the total current when the fault is at the distant end of 
the line to the total current when the fault is at the testing 
station, while the current through the other conductor varies 
from one-half the total current to zero corresponding to the 
same locations, it is desirable that the full-scale value of one 
ammeter should be twice that of the other. For this reason, 
and on account of their superior accuracy, portable instruments 
are preferable to the switchboard type. 

Referring more particularly to the division of current between 
the two paths, it has been found that this division takes place in 
accordance with Ohm's law, or that the currents J,, I, are in- 
versely proportional to the ohmic resistances 7,, r, of the two 
branches. 
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Assuming the resistance volts of the two branches equal, it 1s 
interesting to note how reactance volts are also equal. The two 
parallel wires constituting the loop, Fig. 3, carry currents in the 
same direction to the fault, and in opposite directions beyond it. 
These currents, J,, I., are of the same phase and frequency but 
of different magnitude, I, being larger than /,. Only that 
magnetic flux included between the wires need be considered 
as influencing a division of current, inasmuch as the flux which 
embraces both wires affects only the total impedance of the entire 
circuit. The flux included between the wires up to the fault is 
the resultant of two oppositely acting magnetomotive forces 
separated in space by the distance between centers of wires. 
The flux density at any point within either wire is proportional to 


the current and to the distance from the center, while at any outside 
point it is proportional to the current but inversely proportional 
to the distance from the center. 

Fig. 4 is a graphical representation of magnetic conditions 
existing at any instant. Area a c f b represents flux due to I, 
and area bg k a that due to /,, J, being in this case twice as large as 


I. At m, a point situated so that y — zia there is a complete 
1 


cancellation of magnetomotive forces. If the two currents are in 
phase, this point remains one of zero flux, and the resultant 
flux on either side of it caused by the difference between the 
two magnetomotive forces is that influencing the current flow in 


am Г, 
n 
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the corresponding wires. This resultant, represented, by the 
dotted line k и m w f obtains through a distance S,, Fig. 3, while 
the flux in the loop beyond the fault, represented by the area 
b g k a, obtains through a distance S. 


So that, 
: d l, I,4-1 
«) y —— —" y l ? 
Х.Т, [3:5 (0.2: 25 + log, Zn? r)- I, S, log, 2 
Ki - a. тт ТЕК ЫЕ me (1) 
Sone Гез» (o CA - " 
+1, 
– I,S, log, a 
d 
+1,5 (0.25 + tos. z) 
where, d = distance between wires 
r = radius of wire 
Assume, 
+5 к= TE = I, (2) 
5, T3 1, - 
"m I, ) 
5 = 5 (^77 
d d 
І, 5 (0.25 + log, рш )- I. Эз (0.25 + tog. P 
Eg. (0.25 + log, с.) (3) 


Substituting (3) in (1) and expanding, we have, 
X, 1, x X, 
or the inductance drop is the same over each path. Since the 
total volts are identical, this result follows directly from equa- 
tion (2), as does also the assumption that the two currents are 
in phase. 
From a consideration of resistance only, 


rT, 
I,—I, | 2 ohms from fault to distant end of line (4) 
L+ rr total resistance of one wire 
э 


Either (2) ог (4) may be used to compute fault iocations, 
The latter is less influenced by observation or instrument errors 
and lends itself more readily to graphic representation. If 
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line-structure numbers of a given circuit, and the ratio 
I,— 
n be used as coordinates, a chart may be constructed, as 
2 1 
Fig. 5, from which the fault location may be readily taken. This 
ee ee 
chart contains right lines drawn from the point TET = 1.00 
2 1 
to the line-structure number at which the loop is closed. 
The use of such a chart makes it possible to test to any point 
along the line at which it may be convenient or desirable to place 
a short circuit, without the inconvenience of computing the 
resistance to that point. Such flexibility and ease of construc- 
tion is not true of a chart based upon the relation between 


i | _ | 
STATION w 90 0 10 0 600 70 80 90 100 110 120 130 110 150 160 1:0 1N) i90 200 
LINE STRUCTURE NUMBERS 


Fig. 5 


I . ; | 
D and the line structure at which the fault occurs, because this 
1 


relation is hyperbolic. 

When testing lines whose conductors are not of uniform 
cross-section throughout, the foregoing method is not applicable 
without modification. Whether large wires be followed by 
small ones, or the reverse, the current flow will not be determined 
by resistance only. If the wires are larger near the testing station 
than farther out, the effect is to locate the fault too far away; 
to locate it too near if small wires be followed by large ones. 
The reason for this is evident from a consideration of the relative 
impedance of the two branches of the loop. The branch having 
the larger ratio of inductance to resistance, of course takes 
relatively less current than that indicated by resistance. A 
comparison of inductances is rendered complex on account of 
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the phase-displacement which takes place between the two 
currents by reason of the disparity between the ratios of in- 
ductance and resistance. 

The error involved through considering resistance only is, 
however, a linear function of the distance from the distant end 
of the line to the fault, if it be in the region beyond the junction 
of the two sizes of the cable, and likewise, of the distance from 
the testing station if the fault be nearer than the junction point. 
Thus it is possible by making a single test upon a fault placed at 
the junction of the two sizes of wire, to obtain a correction which 
is applicable to the entire line. This correction is readily applied 
to the graphic chart mentioned above. It consists of right 
lines drawn from the experimentally determined value of, 
Pd to either end of the resistance line. A maximum cor- 
rection of five miles has been found necessary in the case of a 
line made up of 60 miles 0.75 in. aluminum cable followed by 
70 miles of 0.52 in. cable when testing at 25 cycles per second. 

The following are some of the results so far obtained in locating 
faults by the two-ammeter method: 


Actual 
Length Computed location 
of line 1, I, location tower Error 

tower number | number 
118 miles 1.1 1.125 4472 4479 |1000 ft. 
118 “ 1.53 1.55 4482 4481 200 * 
3960 “ 1.56 2.4 512 513 500 “ 
23 S 0.4 4.5 151 153 |1000 * 
60 “ 1.36 3.07 512 513 900 “ 
60 “ 0.8 2.00 520 519 900 “ 
60 “ 1.70 2.05 730 731 200 “ 


This list includes a variety of insulator failures. Some of 
them were complete grounds, while others withstood high 
voltage. In only one case was there any trouble in obtaining 
satisfactory ammeter readings—this being a loose wire swinging 
in a wind storm. 

The time consumed by an experienced operator in making a 
test under ordinary conditions is about thirty minutes There 
is sometimes a delay on account of the necessity of communicating 
with the distant end of the line. 

The test is subject to the following restrictions: when several 
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faults are on a single wire they must be located in reverse order 
of their insulating values, and must be repaired in the order 
located; when all three wires are in trouble, the one having the 
highest insulation cannot be tested until one of the others is 
repaired; if two complete grounds a considerable distance apart 
occur on a single wire, the localizaton will be in serious error. 

These conditions are for the most part exceptional, although 
entirely possible. None of them has presented itself since this 
method of testing has been in use. 
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ONE-PHASE HIGH-TENSION POWER TRANSMISSION. 


BY E. J. YOUNG. 


The recent advance in Europe of the Thury direct-current 
system of power transmission demonstrates the fact that 
unless an alternating-current system approaching it in 
simplicity of design and economy of material is developed, it 
is only a question of time before the high-tension direct current 
will gain a footing upon this continent. Consequently, the 
writer proposes a high-tension one-phase system having several 
desirable features not in common with either the direct-current 
or the three-phase system. Ё | 

While the present three-phase system is more flexible than the 
direct current, it is more complicated, and requires a con- 
siderably greater outlay for transmission material. The ordinary 
one-phase system is simpler than either of these two, but 
requires 25% more copper than the three-phase system and a 
proportionately greater amount than direct current. Then again, 
considering thestrain upon the insulators as a standard of compari- 
son, the fundamental difference between direct- and alternating- 
current systems gives the former an advantage that no alternat- 
ing-current system can overcome. 

In Fig. 1 is shown a general outline of the proposed one-phase 
system. One-phase generating apparatus is supplying energy 
to step-up transformers—for convenience only one is indicated. 

The center of the high-tension windings is permanently 
grounded, thereby reducing the electromotive force from line to 
ground to one-half that between the line wires, and in so doing 
placing one-phase transmission at least on a par with three phase 
in the matter of economy of copper. At the receiving end the 
step-down apparatus is similar to that at the power station, the 
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center of all high-tension windings being grounded. At the sub- 
station there is a motor-generator set consisting of a one-phase 
synchronous motor and a three-phase power and lighting gener- 
ator. The set is started by an ordinary one-phase series motor 
operated by current from an autotransformer connected across 
the secondaries of the step-down transformers. The exciter 
may be on the motor-generator shaft.as in Fig. 1, or operated by 
a separate motor, as best suits the conditions. 

An example will probably serve to illustrate the comparison 
between the different systems, especially those by alternating 
current. Therefore it is proposed to transmit 15,000 kw., 100 
miles with 10% loss. The electromotive force to be 50 kilovolts 
from line to ground at the receiving end, and the alternating- 
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current frequency to be 30 cycles. The following conditions 
for the three-phase line are assumed: 


Power-factor — 0.9. | 

otar-connected transformers with grounded neutral. 

Electromotive force to ground = 50 kilovolts. 

Electromotive force across line = 50x 1.732 kilovolts. 

By transmission formulas the copper section per line will be: 
DxWxK. 


-— in which 


Peis 


l. Cir. mils — 


D = 100x5280 x 1.02 ft., 205 allowed for sag in conductors, etc. 
W - 15,000,000 watts. 

K = 1330 for 0.9 power-factor, three phase. 

P = 106% loss. 

E = 50x1.732 kilovolts. 
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Consequently: 
C , 100 x 5280 x 1.02 x 15,000,000 x 1330 7 
de Ee 10 x (50,000 x 1.732)? LL 
. ; 143,270 x 3 
Weight of copper per mile of line — — 6.5 = 6876 lb. 


As shown in Fig. 1, the center of the high-tension windings 
is grounded. The electromotive force of the one-phase system 
may therefore be double that to ground and still retain the same 
strain upon the insulators asin the three-phase system. One- 
phase conditions: 


Electromotive force.......... 100 kilovolts. 
Power-factor........ 0.9 
Constant K........ 2660 for 0.9 power-factor, one phase. 
Therefore: 

| 100 X 5280 х 1.02 х 15,000,000 x 2660 _ 
3. Cir. mils = ^ 10X100,0007 . = 214,890. 
Weight of copper per mile of line BULL — 68706 Ib. 


62.5 


In order that the direct-current system shall be under the 
same conditions as the alternating current, the electromotive 
force to ground will be 50 + 0.707 orapproximately 70.7 kilovolts. 
This will give practically the same strain on the insulators 
as would 50 kilovolts alternating current. By grounding the 
row of generators at the power and receiving stations, as pro- 
posed on the direct-current transmission from Monthoux to 
Paris, France, we have a potential of 141.4 kilovolts between 
line wires. 

According to formula 3, with K equal to 2160 for direct- 
current, all other factors remaining the same, we obtain: 


д Cir. mils 100 X5280 X 1.02 X 15,000,000 X 2160 _ 
m E 10 X 141,400? E 


7.9 
Weight of copper per mile of line = Е 


Comparing these results we find that as faras transmission ma- 
terial is concerned, the direct-current system is far more eco- 
nomical than either the three-phase or the one-phase system. 
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There is practically no choice between the latter two. Therefore, 
any advantage the alternating-current system may have, 
must necessarily be in the power house and the sub-station. 
Comparing now the three phase and one phase with a view 
of estimating the probable saving the latter would represent in 
line material. On the one-phase system there would be at least 
12 less insulators and pins per mileif steel towers were used, and 
44 on ordinary pole construction. At $2.50 per pin and insulator, 
this would mean an initial saving of $30, or $110 a mile for pins 
and insulators alone. The cross-arms, etc. of the one-phase 
line would probably be longer and heavier than those of the three- 
phase line on account of the wires being farther apart, due to 
higher electromotive force, but this is more than compensated 
for by the poles being about 5 ft. shorter, since the upper wire is 
done away with. There is also the difference in cost in stringing 
wires—three wires on one system and only two on the other. 


, POWER STATION SUB-STATION - 


10C MILES 
э Ё 
кай 


: LINE GROUNDED 
Fig. 2 


One of the most important advantages of the proposed 
system, with reference to continuity of service in case of trouble 
on transmission line, is shown in Figs. 2, 3, and 4. In Fig. 2 
the line is supposed to be grounded. The number of turns in 
the transformer windings 1s indicated in order to illustrate the 
effect of such an occurrence. With independent automatic 
circuit-breakers in each high-tension line at the power house 
and sub-stations—those at the power house operated by over- 
load time-limit relays, and the sub-stations supplied with reverse- 
current relays operating with practically no time-limit—the 
affected line will be cleared by the short circuit. 

We have now a 50-kilovolt transmission in which the ground 
serves as one conductor. At the receiving end the ratio of trans- 
formation is doubled, but at the same time the electromo- 
tive force is reduced one-half. Consequently, the secondary 
potential will not be altered by one line being cut out of circuit 
on account of trouble or for repairs and inspection. In order 
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to raise the system to approximately its original capacity, the 
high-tension windings, being in two sections, are connected as 
in Fig. 3. | 
Upon removing the trouble and connecting the transformers 
as in Figs. 1 and 2 it would appear that, by simply closing the 
switches upon the repaired line, normal operating conditions are 
resumed. Although this last operation might result in conditions 
that could only be learned by experience, the illustration will show 
that as long as one line remains upon the insulators the ser- 
vice will neither be interrupted nor the transmitting power of 
the line very much reduced. In the event of the above trouble 
occurring upon the three-phase or direct-current lines, the effect 
is different. With three phase the entire system will be 
interrupted; with direct current, one half the motor-genera- 
tors will stop. It will therefore be seen that the necessity of a 
duplicate line is much less needed on one phase than on either 
of the other systems. | 


© POWER STATION 100 MILES SUB-STATION 


Owing to the high electromotive force of the alternating- 
current system the space occupied by the high-tension bus-bars 
etc. as ordinarily installed would represent a considerable 
portion of the station. Consequently, a diagram of the station 
distribution, requiring small space but giving ample insulation, 
the high-tension lines being under oil, is shown in Fig. 4; although 
applicable.to three-phase or one-phase, it will obviously present 
less complications when used with the latter. 

In Fig 4 are shown four independent transformer units placed 
in a single case partioned into four chambers. Each chamber 
contains a transformer, the switches necessary for its operation, 
and the interconnecting bus-bars between adjacent transformers. 
The lines C and D lead to low-tension generator bus-bars; A 
and B lead to high-tension line-switches which are controlled 
by overload relays; four lines, that is, A and B, being necessary 
in order to facilitate inspection or repairs of individual transform- 
ers while others are іп operation. It will be seen that any trans- 


740 YOUNG: ONE-PHASE TRANSMISSION [June 26 


former may be cut out of circuit from adjacent units by the 
disconnecting switches S, which, under normal operating con- 
ditions are all closed; S, and S, indicate double-pole double- 
throw remote-control switches for connecting the high-tension 
coils either in series across A and B or, in the event of trouble 
on one line, in parallel from ground G to the unaffected line. 


TRANSFORMER TRANSFORMER 


TRANSFORMER TRANGFORMER 


The interconnecting switches S, and 5, connect the bus-bars in 
different chambers. Under ordinary operating conditions all 
transformer switches S, and S, would be thrown to the right, thus 
putting the high-tension windings in series. In the event of line 
A being cut out, all switches, S,, could be thrown to the left 
there by placing the two windings in multiple from B to ground б; 
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if line B is disconnected, all switches, S! would be to the right 
and S, to the left. Since the cooling coils have been dispensed 
with, the intention is to place the entire case in a pit surrounded 
by running water, or to have the oil withdrawn from case and 
cooled externally as is proposed in certain transinission plants. 
Notwithstanding all that has been said in favor of the one- 
phase system it has several disadvantages. In the first place 
the generating apparatus costs more than three-phase, but less 
than direct-current apparatus. The inability of operating large 
induction motors is also a serious disadvantage which would 
necessitate the use of motor-generators in many cases. "Then 
again, there might be greater hability of surges in the one-phase 
circuit due to the larger current carried by them, but the troubles 
accompanying star-connected transformers, as explained by Mr. 
J. S. Peck, are entirely eliminated. The number of transformers 
upon the system, as shown in Fig. 4, will be much less with one 
phase, and the entire switching apparatus is not only reduced 
but also greatly simplified. 
' In the preceding suppositions the writer appreciates the fact 
that a number of factors which would enter into the design of a 
transmission system of such length and capacity have not been 
considered, the case taken being simply to illustrate a general 
theory of the proposed system. On comparatively short trans- 
missions, the disadvantages of one-phase operation and distribu- 
tion would no doubt counterbalance any advantage it presents. 
However, where very long lines are contemplated, such as the 
250-mile line in France, or electrifving railway systems in this 
country, one phase is not only the simplest, but unites max- 
imum reliability of service with a minimum number of trans- 
mission wires. 
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SOME POWER TRANSMISSION ECONOMICS. 


BY FRANK G. BAUM. 


In designing power transmission systems, 
itis always well to bear in mind that the 
ultimate development of the art and of the 
country has not yet been reached. 


In the early days of railroading, the roads and equipment 
were not of the present trunk-line standard. Light rails, engines 
and cars, and unfenced right-of-way, and unballasted roadway 
sufficed. To construct at that time up to the present standard 
would have meant bankruptcy. Even now the manager or engi- 
neer who would build his branch lines of the same standard as his 
trunk lines, would invite a receiver to take charge of the road. 

The same conditions hold true for power plants and transmis- 
sion lines. The wise manager or engineer builds to meet existing 
conditions, looking into the future as far as he can. He can not 
afford to build duplicate plants and lines for every case, nor 
build all his lines on private rights-of-way, with steel towers and 
other refinements and safeguards. He can not afford to build 
a duplicate transmission line, at an additional interest cost of 
$5,000 per year, when the probability of an interruption, which 
will cause a loss of revenue of $500 per year, to a consumer, is 
extremely remote. 

It may not be as difficult to determine the proper power station 
and line to build when unlimited capital and ideal power con- 
ditions exist as when there is restricted capital, limited revenue, 
and low-priced power at the consumer's end. Although in the 
latter case the amount of money to be expended may be much 
less than in the former, even more thought is demanded of 
the engineer;for, in the former case, having ample resources, 
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Fic. 2, Structure 1.—Spans up to 500 ft. 
7-ft. triangle. Single construction. On corners, 
мою double arms and plates and one pin. 


49600 Fic. 2, Structure 2.—Spans 500 ft to 700 ft. 
9-ft. triangle. Double arms and plates, one pin. 
On corners, double arms and plates and two pins. 


49200 

Fic. 1.— Profile of 

Mountain Pole Line. 
Distances in ft. 
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he builds as best he can, while in the latter he must be a 
judge of conditions and see far ahead, in order that the line which 
he builds may earn money, and at the same time be capable of 
extension on some plan to meet the growing needs of the 
country and business. 

To illustrate the necessity of doing things in inexpensive ways 
in the early development of an art, a business, or a country, 


Fic. 2, Structure 3.—Spans 700 ft. to 900 ft. 11-ft. triangle. Double 
arms and plates and two pins. Corners special. 


some examples are given of the work done on the system of the 
California Gas and Electric Corporation. Along some of the 
lines where the load is small, one wire only is run to the sub- 
station, an inexpensive building, and one transformer, with 
ground return, is installed. One-phase motors are used. For 
larger stations, sometimes up to 500 kw., two wiresare run to 
the sub-station and, by using ground return on the primary and 
open delta on the secondary, three-phase motors are operated. 
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Fic. 2, Structure 4.—Spans over 900 ft. to 2000 ft. 16-ft structure. 
Double 6-in. by 6-in. arms, plates and two pins. Two-pole structure. 


Fic. 2, Structure 5.—Spans 2000 ft. to 3000 ft. 24-ft. structure. 
Double 6-in. by 8-in. arms, plates, and three pins. Three-pole structure. 
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Loads as large as 1500 kw. have been carried to a distance of 100 
miles on two transformers Y-connected on the primary, with 
grounded neutral, and open delta on the secondary. Neither 
the power consumer, nor the power-house operator has noted 
anything unusual. 


Fic. 3.—-Pole-top extension. 


For larger sub-stations a single three-phase transmission line 
supplies the load, even where the length is 50 miles or more. 
The consumer can not afford to pay for a duplicate line when the 
output per year of the factory is practically unaffected by inter- 
ruptions. Interruptions amounting to one hour per month would 
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be one-seventh of one per cent. of the total time, and the power 
company that has an average of an hours' interruption per month 
is certainly giving very bad service. It is evident that the con- 
struction of a duplicate pole-line for such service is entirely un- 
warranted. 

As to the construction of pole-lines, it has been found that in 
some parts of the West where cedar poles may be purchased 
at a low price, this class of pole-lines is still the most econom- 
ical, and everyone must admit that this type of construction has 
proved remarkably effective. Of course under certain con- 


Fic. 4.—Early type oil-switch. 


ditions tower lines only would be considered, but two wooden pole 
lines entering a city by two different routes will give greater 
reliability than any two-circuit tower line that can be built. 
The cost of a two-circuit tower line would be as great as that 
of two pole lines. А line using tower construction requires a 
private right-of-way,and in a new country it may not be possible 
to pay from the earnings the interest on the increased cost of 
the right-of-way, as well as on the tower construction. The 
engineer, of course, always prefers the best construction, but 
he must consider the net revenue to be derived from an en- 


1907.] BAUM: TRANSMISSION ECONOMICS. 749 


terprise in a given number of years. In mountain sections, the 
economies of line construction lie in the use of the hills for the 
structures and in using long spans. In some cases the amount 
saved in clearing, in poles, insulators, and labor will amount to 
50%. 


Fic. 5.—Later types of oil-switches. 


Fig. 1 shows a profile of a line recently constructed, the 
middle section of which consists of a series of spans varying 
in length from 700 to 2700 ft. It will be seen that by taking ad- 
vantage of the hills to form the greater part of the height of the 
structure great economy results. А span of 3000 ft., with an 
an allowable sag of 300 ft., would if on the level, require towers 
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over 300-ft. high, while in this line on similar spans, simple 
wooden pole structures 30-ft. high are all that is necessary. The 
profile of a line of this kind is first determined, and the span- 
length and structures designed so that the wires clear the ground 
sufficiently. This gives an economical and satisfactory line. 
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Fic. 6.—Modern type of oil-switch. 


On long spans the wires are spread at the structures as shown. 
In addition, the top or middle wire is given 10 to 40 ft. less sag 
(depending on the span) than any of the others. One of the 
outside wires is also given 5 to 20 ft. less sag than the other. 
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In this way there is obtained a vertical separation at the middle 
of the span; and 10 ft. of vertical separation is better than 20 
ft. of horizontal, because the wires then can not come together, 
even when acted upon by gusts of wind having a tendency to 
lift the wires. Spans greater than 2000 ft. are not installed 
except in certain cases where it can scarcely beavoided. Spans 
of 600 to 1500 ft. give the best line. 

Fig.2 shows standard types of pole structures used on some 
of the mountain lines recently constructed in California. 


SZ 


Fic. 7.—-Three-pole grouping of oil-switches. 


Structures of this kind are also sometimes used for river crossings 
where the cost of steel towers is prohibitive, or the time too short 
to install them. These are sometimes over 100 ft. high. 
Referring to old lines which were constructed ten, or even 
five years ago, nearly all the lines were built with 40 poles to the 
mile, using 35-ft. poles. Nowthe tendency is to use longer spans 
on account of the lower cost and the reduced number of insulators 
or weak points in the line. Some of these old lines have later 
to be reconstructed for a higher voltage, and in order to obtain 
a reasonably good line and also to reduce the cost for insulators 
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and future line maintenance it is advisable in reconstructing 
to reduce the number of poles. To do this, the supporting points 
of the wires must be raised higher above the ground. In order 
to accomplish the result of reinsulating and reconstructing 
several hundred miles of line (which would have kept all the 
insulator factories busy for two years furnishing insulators for 


Fic. 8.— Outdoor two- break air-switch. 


the old type of construction), the pole-top extension shown in 
Fig. 3 was used. This has proved effective. By using this pole- 
top extension, every other pole is taken out, with a saving of 
$9.00 per pole for new insulators, with the additional salvage of 
the old poles, arms, pins, and insulators. Where sufficient height 
can be obtained by putting the arm below the top of the pole 
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this construction may be simplified in the fastening of the arm 
and pipe to the pole. 

Another important adjunct of the transmission line is the 
switches, oil and disconnecting. It will be found that the same 
arguments regarding economical line construction apply to 
switches. Five years ago no one was sure of a high-tension 
switch, and it would have been folly to install expensive switches 
of the first type that suggested itself, without giving them a 
thorough trial during several years under operating conditions. 
In selecting switches and structures for high-tension lines, it is 
well to bear in mind that the ultimate development has not vet 


Fic. 9.—-Outdoor switch. 


been reached. In solving our switch problem this was kept in 
mind at all times. 

The first high-tension oil-switches were made as inexpensive 
and as simple as possible, and were as shown in Fig. 4. "These 
operated so satisfactorilv that we became convinced of the suc- 
cess of the type and soon changed to a more substantial form, as 
shown in Fig. 5. They are generally installed for hand-operation. 

Although we have more than 100 of these switches on our 
lines, and nearly 1000 miles at 60,000 volts all tied together, 
and over 50,000 kw. in generators operating on the lines at 
all times, the switches although cheaply constructed have given 
excellent results. All line switching is done on these high- 
tension switches, and the plants and lines are separated thereby 


754 BAUM: TRANSMISSION ECONOMICS. [June 28 


in caseof trouble. "The stations are synchronized at sub-stations, 
which are 100 to 150 miles from any power station. 

We have now adopted the type shown in Fig. 6, two-break 
switches for the ordinary station, and four-breaks in each 
tank for the heavy service. These switches are grouped in three- 
pole arrangement as shown in Fig. 7. 

For small sub-stations and for line-sectionalizing switches 
and for disconnecting from bus-bars, switches of the type 
shown in Figs. 8 to 11 are used. In handling the high-tension 
lines these switches are used as much as the oil-switches. 

Fig. 12 shows the lines and the main-line switching arrange- 
ments of the California Gas and Electric Corporation. A O repre- 
sents an oil-switch and An X an air-break switch. А glance at 
Fig. 13 will show that our high-tension lines are also prac- 


FLEXIBLE CABLE 


Fic. 10.—Outdoor switch and fuse for small sub-stations. 


tically distributing lines, as loads are taken off at a great many 
points. We have more than 100 sub-stations on our lines. Such 
a system is, of course, much more difficult to operate than a 
straight away line with a power station at one end and a load at 
the other. 

On the hydraulic construction and also on the power-house and 
sub-station installation and construction, the engineer is required 
to devise something that will pay the largest net income in a 
given number of years. Sometimes he 1s called upon to make 
installations on the assumption that the plant is to be abandoned 
inafew years. Ofcourse, the engineer will be criticized if he puts 
in a plant to meet present or apparent future needs and, due to 
some change in the industry or development of the country, the 
plant must be remodeled later. But it is the business of the 
engineer to solve his problems as he sees them. 
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I have given these examples of line and switch construction 
to show that the best solution of a problem may be one which ac- 
complishes the purpose satisfactorily with the least amount of 
money, on account of the changes in design which become appar- 
ent as our experience is broadened and as the industry develops. 
That there will be further advances is certain, but, as far as high- 
tension work 1s concerned, little of the present apparatus—trans- 
formers, insulators, switches—nced be thrown away; for should 
the line voltage be forced up, the present apparatus may be used 
on the lower voltage lines. And too, the high-tension trans- 
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Fic. 11.—Oil-switch in compartment, showing disconnecting-switches. 


former is so flexible in its operating voltage connections that use 
can always be found for it. It is very probable that in time higher 
voltage trunk lines will be built which will feed into the present 
lower pressure (60,000 volts) lines at various points, using the 
present 60,000-volt lines for the primary distribution, stepping 
down to about 11,000 for the regular factory distribution. An 
example of work of this kind is shown byoursystem. A great 
many miles of comparatively low-tension lines—10,000 to 
23,000— have been changed to higher voltage, but all the old line 
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material, switches, insulators, transformers, etc., have been again 
utilized. 

The saving in conducting capacity and the improvement in 
the service and the salvage have well paid for all the changes. 
No doubt a part of the future work of the electrical engineer will 
be to redesign and reconstruct the high-tension systems 
for the economies to be gained. The ease by which the change 
tothe higher voltage may be made as necessity arises is encourag- 
ing alike to the transmission engineer and to the investor. 
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THE VECTOR DIAGRAM OF THE COMPENSATED 
SINGLE-PHASE ALTERNATING-CURRENT MOTOR 


BY W. I. SLICHTER 


Although the compensated single-phase motor is simply a 
series circuit in physical connection, there are incidental reactions 
which have the effect of a combination of series and parallel 
circuits. These reactions have an effect on the efficiency and 
power-factor of sufficient importance to warrant a careful 
analysis of their character and cause. | 

As is well known, the motor circuits consist of an exciting 
field winding producing the field flux, an armature similar to 
that used in the usual direct-current motor, and a compensating 
winding wound in the faces of the poles and having its magnetic 
axis coincident with the axis of the armature reaction, but 
producing a magnetomotive force in the opposite direction. 
Thus in Fig. 1 is shown the diagram of connections of a four-pole 
compensated series motor. F, FF is the exciting winding with 
coils surrounding the pole pieces; C, CC is the compensating 
winding from pole to pole, and A, AA is the armature circuit. 
The current passes through these three in series, and the main 
reactions of one member on the others are very simple. 

But the coil in the armature undergoing commutation encloses 
the main exciting or torque-producing flux, and as a result of the 
alternation of this flux at primary frequency, there is induced in 
the coil an electromotive force proportional to the primary 
frequency, and to the magnitude of the flux. The brushes 
complete the circuit of this coil, and a current flows therein pro- 
portional to this electromotive force, and inversely proportional 
to the impedance in the coil, brushes, and connections. This 
reproduces exactly the conditions existing in a transformer, the 

759 
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exciting winding F being the primary and the short-circuited 
coil BB being the secondary, as shown in Fig. 2. 

In considering the reactions in the exciting winding, therefore, 
we must regard it as a complex circuit. The effect is the same 
as if the coil were shunted by an equivalent circuit having 
resistance and inductance as at Y in Fig. 2. This equivalent 
circuit represents the hysteretic current supplying the core-loss 
in the iron due to the alternation of the flux at primary fre- 
quency, and the current in the secondary coil BB. 

Fig. 3 shows the relations of the various quantities in the 


exciting winding Е. The resemblance to the transformer 
diagram wil be noted. ф is the flux; the current which 
produces ¢ is O F, composed of O B, the wattless component and 
OH the hysteretic component. O A is the current in the 
secondary and this combines with O F to form the primary or 
line current OC = Г. OF, 90? ahead of the flux is the electro- 
motive force consumed in the primary circuit. Neglecting the 
impedance drop, which is very small in this case, the voltage 
across the terminals of the exciting winding is therefore O E. 
In Fig. 4 we have this same diagram as a starting point for the 
general case. Thus with a main current J), represented by О А, 
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we have Iw = А В for the energy current in the equivalent 
shunt circuit, and J, = О B the wattless component in both the 
primary and shunt circuits, but consisting principally of the 
primary magnetizing current. 

The flux ф is in phase with OB and proportional to this 
primary component of O B (not to the main current) and the 
permeance of the magnetic path. 

The electromotive force induced in the exciting winding is 
IX, = OE, and is 90° ahead of ¢. The electromotive force 
consumed by the leakage reactance of all the windings will be 
90? ahead of I, and proportional to Г. This is represented by 
ІХ, = EF. The electromotive force consumed by resistance 
is ТК = FG, in phase with /,. 

The counter electromotive force due to the rotation of the 


Fic. 2 


armature conductors in the flux must be in phase with ф, thus 
G H = e, (drawn parallel to O B) represents this electromotive 
force in phase, while its magnitude is proportional to the angular 
speed of the armature. 

The line potential E, is the resultant of all these components. 
Its magnitude determines the value of e,, which in turn determines 
the speed. OH represents the line potential, and the cosine of 
the angle HOA = x between E, and I, is the power-factor of 
the motor. 

The product of e, I, cos « represents the output at the arma- 
ture conductors. To obtain the true motor output, the armature 
core-loss, due to rotation, and the friction loss should be sub- 
tracted from this. 

The calculation of power-factor and efficiency is made starting 
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with the displacement angle a whose sine is], + I, Assuming 
the phase of J, as a reference point, we have the following 
resolution of the terminal ei.ct:omotive force E, 


Wattless Energy 
I Xu cos а I X, sing 
Ix I 
-€, SİN @ €, COS @ 


rc —— ——————D——— HP 


The exact analytical expression of the reactions is as follows: 
Assume е = Г X, the voltage across the exciting winding as 
reference vector or zero phase. 


ee ee 
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Quantitatively e = 4.44 и N ф 10* 
where: п = primary frequency. 
N = number of exciting or field turns. 
ф = flux per pole. 
Admittance of exciting winding = Y, = g, 47, 
Admittance of equivalent circuit = Y, = g.+7 b, 
Admittance of combination Y,= Y,+ Y, = 6, +7 bz 
Main line current = I, = е (g; 1 bz) = 1+], 
Resistance of all circuits = r 
Reactance (leakage) of all circuits = x 
Impedance of motor (except exciting circuit) = Z = r-j х 
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Line voltage = E, is resolved into; electromotive force of 
rotation (e,), electromotive force of excitation winding (e), and 
the impedance voltage 7, Z. 

€, is in phase with the flux ¢ and 90? from e; therefore, if e is 
the base of vectors, the electromotive force of rotation is ex- 
pressed in phase position by  e,. 

Hence E, = є+]е„+ (1,27) 


Fic. 4 


Substituting: 


= е+је, + (2+7 2,) (r-j x) 


e+irt+tix +j (le, +i, r-i x) 
Reducing to absolute terms: 


EQ = (¢+4,r+1,x)?+ (e, +4, r-i, x)? 
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Solving for е,: ` 
€, = № Е (e tr +1,х)?-(1„г-1Х) 


The output at the armature conductors 1s the product of the 
= counter electromotive force and the current in phase with it, 
€, 1,. 


Apparent input = E, f, 
= [ect ara 5x41 (е, + t,r-7,x)] 0,29 3 29 
Power input 1s the real component of above. 
= d4(etkürcdx) +1, (е,+ 42,721, x) 


The peculiar features introduced by this equivalent shunt 
circuit are: 

The counter electromotive force of rotation is not in phase 
with the main current, thus their product is not all energy. 

The current in the armature I, is not in phase with the field 
flux and the torque is not truly proportional to the current, but 
is reduced by this displacement. 

The more inductive the current in the short-circuited coil the 
less is this displacement, thus a resistance to limit the flow of 
current is not as valuable as some inductive effect. 

The counter electromotive force e. being at an angle with the 
main current /,, it is possible by increasing the speed and magni- 
tude of e,, or by increasing the angle a, to cause the point H 
to lie in O L produced, thus making E, coincide with 7,, giving 
unity power-factor, or to cause e, to cross /,. giving a leading 
current condition. These of course are extreme conditions 
resulting from a very high speed or from large losses in the 
equivalent shunt circuit. 

The wattless component of the counter electromotive force 
(-e, sin а) has a marked effect on raising the power-factor, con- 
siderably more than the mere addition of the amount of energv 
which causes the phenomenon. 
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INDUCTIVE DISTURBANCES IN TELEPHONE LINE | 


BY LOUIS COHEN. 


The inductive action of one telephone line on another, pro- 
ducing what is commonly known as cross-talk, presents an 
important problem to the telephone engineer. The induction 
is both electromagnetic and electrostatic. A variable current 
passing through any circuit is accompanied by a variable 
magnetic field, which will produce electric currents in neigh- 
boring circuits. In addition to this there exists also an electro- 
static effect, a charge on one conductor will induce charges on all 
neighboring conductors, and any variation in the charge will 
produce an electric current. We thus have two distinct phenom- 
ena acting simultaneously, both causing trouble on telephone 
lines. It is to be noticed, however, that the two effects act in 
opposite directions. The establishment of a current in one 
circuit is accompanied by an induced current in any neighboring 
circuit in the opposite direction, while when the current in the 
inducing circuit is decreasing, the induced current will be in 
the same direction. In the case of electrostatic induction the 
conditions are reversed. When both forms of induction act 
together we obtain a resultant effect which depends on the 
various electrical constants of the lines and their relative im- 
portance. It would appear therefore quite evident that to 
obtain a knowledge of the effect due to induction, we must first 
be able to ascertain the relative importance of one form of 
induction as compared with the other, and to determine the 
factors which enter in fixing the magnitude of each. A thorough 
knowledge of these factors may be of considerable assistance 
in improving the conditions of telephone lines, or at least it 
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may suggest some methods for overcoming induction effects 
which are a source of considerable annoyance to users of tele- 
phones. 

In a paper presented before the American Institute of Elec- 
trical Engineers in 1891,* Mr. J. J. Carty discussed a series of 
experiments which he had conducted to determine the relative 
importance of the electrostatic as compared with the electro- 
magnetic induction. His conclusions were that the electro- 
magnetic effect is entirely negligible as compared with the 
electrostatic effect; in fact in his experiments he has not been 
able to detect any electromagnetic effect at all. In the dis- 
cussion of his paper Mr. Carty made the following statement: 


'" I go so far as to set forth that the effect of electromagnetic induc- 
tion between parallel telephone wires may be neglected. That is, that 
when a man is talking on one wire and his speech is heard by induction 
on a parallel wire, that that speech finds its way between the two wires 


by virtue of electrostatic induction, and that electromagnetic induction 
is entirely negligible.” 

This view expressed by Mr. Carty has generally been ac- 
cepted by telephone engineers, and is usually given a very 
prominent place in all text books on telephony. 

In what follows I shall discuss this question from a mathe- 
matical standpoint, and shall show that not only is the electro- 
magnetic induction not a negligible quantity, but that in some 
cases the electromagnetic effect may be much larger than the 
electrostatic effect; and I shall further show that the results 
Mr. Carty obtained were correct, that under the conditions of 
Mr. Carty's experiments he could have obtained only an electro- 
static effect. To infer, however, from his results, as Mr. Carty 
has done, that what is true for the case he experimented with— 


* J.J. Carty, Transactions. of the A. I. E. E. 1891. Vol. 8, page 114. 
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a line three hundred feet long—is equally true for a line so 
many miles long is, as I will show, quite erroneous. 

Suppose we have two lines T, and T, running parallel to 
each other and both are grounded at the two ends; T, may be 
a power circuit or telephone circuit, G is a source of an alternat- 
ing electromotive force, and T, a telephone line. We wish to 
consider what is the nature of the induced currents in line T,. 

Let L,, R,, C,, denote the self-inductance, resistance, and 
capacity per unit length of line T,, and similar letters with 
sufix 2 denote the same constants of line T,; M will denote 
the mutual electromagnetic inductance and C,, the mutual 
electrostatic inductance. Let also x and y denote the currents, 
V, and V, the potentials at any point on the lines Т, and T,. 

The algebraic sum of the forces acting at any point on the 
two lines will be given by the following equations: 


d dy 4 
L, +R, x4 M 22.24 - 0 


(1) 
dV 


d y d x 2 
кла Tq Tyre 


We also have the electrostatic relation, 
C,Vi,TC,uVi-4 
(2) 
C,V,+C., Vi = 9, 


By the aid of the equations of continuity 


dq — dx 
dt ds 
dq, ау 
dti $ 


we may write equations (2) after differentiating with respect 
to t in the following form: 


dV, „ dV, ах 

C, dt TC, Р = т 5 
(3) 

dV, ~ dV, dy 

С, аі tC t ds 
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Differentiating equations (1) with respect to s we get: 


Ф x d x dy dV, 


en oq oque 
(4) 
Ф у ieu dx ay, 
Lgs з йз Mus ади = 0 


If we differentiate equations (3) with respect to 1, and intro- 


dx dy 


duce the values of isdr dsdi thus obtained into equations 


(4) and also the values of € and 27 from equations (3) we 


shall obtain the following equations: 


d? Vi Ф V, d V, dV 
Ly Cy Ro thi Cn TR С үү tR Ca, 
d? V dv ay, 
TOME. yp с. О df” dst 
(5) 
гү ү d V d V, 
LC, gp ъа Са gp tRC dt +С | 21: 
ny ÈV, dV, ËV, 
- M C, dt +M Caga рт" 


Assuming that the impressed electromotive force be simple 
harmonic, that is the real part of E e'?! say, then the potentials 
at any point along the lines will be simple harmonic, and there- 
fore we may put: 


dv " d V . 
ni d rd 
Ф V d V 
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Introducing these values in equation (5) and rearranging we get: 


dv 
"us =a,V,+5,V, 
(6) 
d? 
n = a, V, +b, V, 
Where, 
а, = р, CHH pR С, -MCP 
b =- р, Catit R, CaM C, р? 
а, avs LC ip RC =М С? 
b =- pP L, Cati pR, Ca-MC, р (7) 


Each of the equations (6) contains two dependent variables 
which make it rather difficult to solve. We can, however, 
transform equations (6) into equations containing only one 
dependent variable by the following device:* 

Put | А 

V, = И, + И, 
Үз = |. И, +һ W 


where f, and f, are arbitrary constants. 
Equations (6) will transform into the following: 


Ф? 1 d? 
d iit du (a, +6, f) И, + (aitb, fa) W: 
d W d* ms 
fi дг th ds = (a, J; E09 W, + (a, f4--5,) W, 


Eliminating first IV, and then И”, we get the following equations: 


PW, d* W, 

(а, f,+6,-a,f,— 5, f, fe) "aisi + (a; },+5,— a, fa- 5, f,”) p 
= (а, а — b, b.) (f= h) W, 

(8) 

d? И, 


(a,7,+0,-—a, 7, -C, E) у“ (a, fitim afa- Cafi fa) d s? 


= (a,a,-C,C,) (1-12) W: 


*See O. Heaviside coll. papers, vel. 1, p. 126. 
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now determine f, and f, from the equations 
a, f,+6,— a, f4— 5, f) = 0 
a,f,+o,—4,f,—6,f = 0 


that is, 
f - а, — a, vV (a, — а,)? + 4 b, b, 
| ‚ 25 
2 ns (9) 
ў, = а,— а,— М (a, — а) + 4Ь,Ь, 
: 1 
Equations (8) will reduce to the following: 
Ф W, I73 
qe TEW, 
(10) 
Ф W, 
qn Ea 
where, 
ЁЗ „ Ch b b) Gah) 
a,];tb,— a, fi — bfi fz 
(11) 
Р? = _ (a, a, — b, b) Gi- fr) 
a, fi t b,— afi- 0, fif 
The complete solutions of (10) will be the following: 
W, = A cos pu (l— 5) +В sin и (l— 5) 
(12) . 


W, = D cos m (l— s)+F sin p (1— 5) 


The constants are to be determined from the following bound- 
ary conditions: 


When 
s=0, V, = Eet V,=0 
s=l, V, = 0, V,=0 
Now, 
w, = É GEV w, = bur, 
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Hence, when s = 0 


tpt р 
W, = А соѕ р +В sin иі = fi Ее? 
: ho h 
spt 
W, = D cos p l+F sin p, I hE d 
fafi 
When s = /, 
М, = А =0 
W, = D = 0 
and therefore, 
B= f, E е?" 
(==) Sin y l 
p. hE” 


Introducing the values of the constants thus obtained into 
equation (12) we shall obtain the following values for V, and V,: 


V, = W,-W, E (jae. f Е) Е gi?! 


sin pl sin д, h-h 
(13) 
= _ [hi sin p (1— s) sin jt, E Е eie 
е жш жакт hh 


The values of н and и, may be obtained by inspection of 
equation (10) which gives 


_ (a, a, — b, b.) (f, 2 h) | 
а;}„+5„—а,},— bi fifa 


— 12 = К = 


(14) 


(a, a,— b, b.) (f,— f.) 
— 2 = р? = SEGUI Mut Ы ESRI Е: ИС Ас < РЧ 
x azfitbi— а, fo — b fi Fa 
The value of the currents in the two lines can be easily ob- 
tained from equation (13) by the aid of equation (3). Thus: 
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z [6 i» (4 cos и (1— s) ms f, cos fe с) 


usin gal fe, sin py d 
TTE. f? cos y (l— s) f.cos, E Е е! 
z p Sin wl pa sin m l h-h 
(15) 
c, ip (éste ien da) 
jesin pl ft, sin py 4 
Ср jı cos u (1— s) ў, cos p (1— 2) E е! 
K p Sin ul ft, Sin дщ l h-h 
Rearranying we obtain: 
-a cosy (l 5) 
- r= ((С, ет т 
КО PS, nt р Eer 
Mar fae Cede) m sin ye, 4 Һ = }. 
(16) 


cos a(l- s) 


zd Fo (Cie e cauto 


jp sin pl 


"UT cos nm, (L— S)V 1 p E ett! 
— (C, fè c Cau fe) vns) 


p, sin д 


The second equation of (16) gives us the final expression for 
the currents in any wire due to electromagnetic and electro- 
static induction of a parallel wire. The inducing line may be 
part of a power circuit, lighting circuit, or a similar telephone 
line. In deducing equations (16) we have taken account of 
the difference in dimensions, or electrical constants, of the two 
lines which react upon each other, which will of course be the 
case if we wish to calculate the currents induced in a telephone 
line by a power circuit running parallel to it. 

According to some recent reports, the introduction of the 
single-phase electric railway plays havoc with service on tele- 
phone and telegraph lines which parallel the railways. This 
will in all probability be a very serious problem, and a careful 
consideration of equation (16) will give us a better insight 
into the nature of the problem and the magnitude of the disturb- 
ance. It may also possibly suggest some means for eliminating 
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these disturbances or at least reducing them to a minimum. 
I hope to consider this phase of the problem in another paper, 
but for the present I shall limit my discussion to the case of two 
parallel telephone lines. 

If it is the influence of two telephone lines on each other that 
we wish to investigate, then equations (16) will be somewhat 
simplified; for in that case we find by examining equations (6) 
that 

a, = а, b, = b, 


equations (9) will therefore reduce to 
h үт = h = 1 
Hence equations (16) will become, 
cos p (1 — s) cos pt, (1— s) 


-x 24 ((€ 6» HCC) 


) i p [C eint 
(17) 


тозуп sel 


p sin pel ft, Sin yt, і 


ees («co cos (= s) | зб i I4 P) p E eiri 


The values of н and д, are given by equations (14) which in 
the case of two parallel wires reduce to the following: 


(17) 
— ш =a—b=— р? (1,— М) (C-C,,) +t pR (C— Co) 
х апа ge, are of course complex quantities, putting 
к= а+1 8 ш = а, +10, 
and solving for а, 8, a, and 3, we get 
a= Vip CECA) Wp (Lame tp АМ) 
B= Vb p(C+C,,) [Wp (L4 Му + kR- P M)] 
(1%) 
а= VYp(C— C.) р (L- M? Rt P(L—M)] 


A = VER C= Cu Ip L- Mr P СМ] 
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It remains now to separate the values of x and y into the 
real and imaginary parts, for the actual currents in the lines 
will be the real parts of the values of x and y as given by 
equation (17). Now 

tp E est _ tp E (cos pt+tsin pt) 
= 4snpgl  (ad4if)sin(a4oB)l — 
2 (а —: В) (sin æl (е8 + e&8)—£cosa! (e8'—e8^) Ез p (cos pt+tsin pt) 
(a? + 2°) [sin? a 1 (€?! 4-2 4- e??") + cos? a 1 (е°81— 2 4- е2] 
the real part of which is 


2E | B cos a l (e?! — е8!) — a sin a і (e8!+ ев!) l sin рі 


+ в sin a l (e?! +e!) + а cos a l (е8 — eb!) | COS p | 
| (a? + P?) (78/4 28 — 2 cos 2 a I) 
V (a? + 8?) ue COS i 25 = 2 cos 2 al) 
Where tan ф = 


B sin æ ! (e?! + ев) + а cos al (ef — e) 
B cos а [ (e?! — e) — asinal (e8 +e 8) 


(20) 
When 31 15 a very small quantity, then approximately 


ioci 2 
tan ф = P (21) 
When £1 is very large, then the above equation will be approx- 
imately 
B sin а 1t a соз «1 


В соз «1— asinal 


tan ф = 


At the end of the line, say when s = /, the values of the cur- 
rents will therefore be given by the following equations: 
ps (C, +C) sin (p t+¢) 
Р |х (ot +B) (2cosh 2 81— 2cos2a I) 


— XI = 
po C-O) sin (FG) 
V (а +8 A (2 cosh 28,1— 2cos 2a, D) 
(23) 
-ys Ep? AC, +42) sin (p t+) 


V (a? + 8*) (2 cosh 2B1—2cos2al) 


(C, — Cy) sn(pttó) | 
ON (a? By) (2 cos k 2 8, 1— 2 cos 2 a, 1) 
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The second equation of (23) represents the current at опе end 
of the line Т, due to the electromagnetic and electrostatic in- 
duction. We may put equation (23) in a more convenient form, 
thus: 


= Ep/A +В*—2А Всоь(ф— Ф) іп (ріъф) (24) 
Where 
„шышты СШ RENNES 
Ла р) Gcos h 28, 1— 2 cos 2a, I) 
С 


— M (25) 


= Lind dad 
ene = dna Bsn 


The maximum value of the current will evidently be, 
E p/A?+ B! 2 А Boos ($— ¢,). 


Now to find the ratio of the electrostatic to the electromagnetic 
induction, we calculate the value of y; as given by equation (24) 
first on the supposition that M = 0; that is, that the whole 
effect is purely electrostatic, and then calculate the value of 
y, on putting С,, = 0; that is, assuming that the effect is purely 
electromagnetic. We can thus obtain an estimate of the rela- 
tive importance of the two forms of induction in causing dis- 
turbances in parallel lines. The values of the various electrical 
coefficients which enter into the calculations were determined 
from formulas given by Mr. Heaviside* in his collected papers, 


which are as follows: 


L = $+2 log -i 


Ф + (h, +h)? 
d+ (h, — h,)? 


2 log 7" 


— HÀ 
(2 log 22) -( log = +4 2 ) 


ico нныма 


/| 9 у? 7? р рад kev? 
(210 og? ^J — (te ot) 


*O. Heaviside collected papers, Vol. 1, pp. 44 and 101. 


M = log 


Cz 


(26) 


– С, = 
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These formulas apply to the case of parallel suspended wires 
where й is the height above the ground, d is the distance be- 
tween the wires, and 7 is the radius of the wire. | 

Let us now consider an example; suppose the two wires are 
1.25 cm. apart, and at about 1000 cm. above the ground let the 
radius of each wire be 0.1 cm., then we find 


L = 0.00203 henry per kilometre. 
М = 0.00147 “ D É 
C = 0.0118 mf. CA. 
— C,,- 0.0088 mf. ii m 
R = 3 ohms per kilometre approximately. 


Using these values for the constants of the lines. I have cal- 
culated the maximum of the current уу, as given by equation(24), 


first assuming that we have only electrostatic induction: 
that is, M= 0, and second assuming that we have only electro- 
magnetic induction; that 15, C,, = 0. The ratios of the two 
forms of induction for various lengths of lines given below: 


l e. 5. 
0.1 km. 0.02 
100 km. 0.44 
TM 1000 km. 1.6 


From this short table it will be seen that for the particular 
case under consideration, the electromagnetic induction is far 
larger than the electrostatic; but as the length increases the 
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electrostatic is gaining more rapidly than the electromagnetic, 
and thus at 1000 km., the electrostatic has overpowered the 
electromagnetic. In obtaining the above results we have as- 
sumed that our line does not have any telephone receiver in 
it, which is of course not the important case. In the case of 
a long line, however, say 100 km. or more, where the inductance 
of the line is large, compared with the inductance of the re- 
ceiver, the introduction of a receiver will not modify the result 
to any great extent, but in the case of a short line, the intro- 
duction of one or more receivers may affect the results to a 
very great extent. Let us consider for example one of Mr. 
Carty's experiments. 

There are two lines of about 0.1 km. long stretched side by 
side at a distance of about 1 cm. and there are three telephone 
receivers in the second line, the complete solution of this prob- 
lem is not of course so simple, yet as an approximation we may 
consider the introduction of the telephone receivers in such a 
short line as a distributed inductance and resistance. If the 
inductance of each receiver is 0.05 henry and its resistance is 
50 ohms, then for such a short line, the inductance per unit 
length will be L = 1.5 henry and R = 1500 ohms. Assuming 
these to be the constants of our line we find, on calculating as 
in the previous cases, that the current due to electromagnetic 
induction is practically zero, and it is only the current due to 
electrostatic induction that has any appreciable value, and this 
is what Mr. Carty obtained experimentally. To infer from this 
that electromagnetic induction is negligible in all cases is how- 
ever, certainly incorrect. In the case of a long line, say 500 km., 
the induction and resistance of the telephone receivers will not 
modify to any great extent the constants of the line, and in 
that case the electromagnetic induction is just as important 
as the electrostatic induction. Which is the more important 
depends a great deal on the length of the lines, their height 
above the ground, and their distance apart. By varying any 
one of the above factors we shall vary the ratio of the electro- 
magnetic to the vlectrostatic induction. 
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PROPOSED CODE OF ETHICS. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
COMMITTEE ON CODE OF ETHICS. 


AMPERE, N. J., May 17, 1907. 


To the President and Board of Directors of the American Institute of 
Electrical Engineers. 


Gentlemen: Your committee, appointed at the annual convention at 
Milwaukee in June, 1906, to consider the advisability of preparing a code 
of engineering ethics, and, if thought best, to prepare such a code, has to 
report as follows: 

While we do not consider it practicable at this time to formulate a code 
of ethics covering explicitly all the conditions which the electrical engi- 
neer may meet in his work, we do consider it both practicable and de- 
sirable to record some of the general principles of professional conduct 
that should be a guide for the electrical engineer, leaving it to him to 
make specific application to the cases which he may meet. We therefore 
submit and recommend the following, to be printed and distributed to 
the membership, with a view to its discussion and adoption at the ap- 
proaching Annual Convention in June, 1907. 

Respectfully submitted, 
CHARLES P. STEINMETZ, 
Hanorp W. Bvck, 
SCHUYLER SKAATS WHEELER. 
Chairman. 


PRINCIPLES OF PROFESSIONAL CONDUCT FOR THE GUIDANCE 
OF THE ELECTRICAL ENGINEER. 


A. General Principles. 

B. Relations of the electrical engineer to his employer, customer, or 
client. 

C. Relations of the electrical engineer to the ownership of the records 
of his work. 

D. Relations of the electrical engineer to the public. 

E. Relations of the electrical engineer to the engineering fraternity. 

F. Relations of the electrical engineer to the standards of his profession. 


779 
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A. GENERAL PRINCIPLES. 


1. In both his professional and his business relations the electrical 
engineer should follow strictly the same ethical principles that are recog- 
nized in the social relations of every-day life. He should consider him- 
self personally responsible for the character of the enterprises and the 
persons with which he is associated professionally. 

2. Before entering into professional relations, it is therefore the duty 
of the electrical engineer to satisfy himself that the enterprises with which 
he connects himself are of a legitimate character. If, after becoming 
associated he finds them to be of a questionable nature he should sever 
his connection as soon as possible. It should not be considered an excuse 
that his connection extends only to legitimate engineering work. 

3. An electrical engineer permitting the use of his name in any enter- 
prise or exploitation becomes morally responsible for the character of 
the latter. He should therefore not allow the use of his name in connec- 
tion with anvthing upon which he is not qualified by training and ex- 
perience to exercise competent judgment. 

4. The electrical engineer should take care that credit for engineering 
work is attributed to those who, as far as his knowledge of the matter 
goes, are the real authors of such work. 

5. The electrical engineer should incline toward and not away from 
standards of all kinds, since standardization is peculiarly essential to the 
general progress of the profession. This applies to construction, meas- 
urement and expression, or nomenclature as well as to conduct, or 
ethics. Even the tendency to give individuality by providing special 
construction may sometimes be avoided with advantage. 


B. RELATIONS OF THE ELECTRICAL ENGINEER TO HIS EMPLOYER, 
CUSTOMER, OR CLIENT. 


7. The electrical engineer should consider the protection of his chent's 
interests as his first obligation, and therefore should avoid every act that 
would be contrary to this duty; if any other consideration such as pro- 
fessional obligations or restrictions interfere with his so acting, in ac- 
cordance with the expectation of his client, he should inform him of the 
situation. ` 

8. He can honorably accept compensation, financially or otherwise, 
from one side or party only, interested in the same matter. The electrical 
engineer, whether consulting, designing, or operating, may therefore not 
accept commissions, either directly or indirectlv, from other parties 
dealing with his principals. 

9. Electrical engineers in a position to decide on the use of inventions, 
apparatus, etc., should not be financially interested in their use, as by 
receiving a rovaltv, etc., unless the matter is clearly understood by the 
chent. 

10. Electrical engineers should not accept employment while finan- 
cially interested іп a rival concern except upon the express permission 
of both parties. An electrical engineer may be employed by more than 
one party, as in the case of a consulting engineer, when the interests of 
the parties do not conflict and it 1s understood, as 1s usual in such cases, 
that he 1s not expected to devote his entire timc to the work of one party 


1907] COMMITTEE ON CODE OF ETHICS 781 


but is free to enter into other engagements. A consulting engineer 
permanently retained by a party should notify other prospective employers 
of this affiliation before entering into relations with them. A consulting 
engineer when not exclusively retained by one side may advise rival 
concerns, with the full knowledge of all of them and upon taking care that 
the interests of the parties do not conflict in the particular matter handled. 

11. Operating engineers should consider themselves responsible for 
defects in apparatus or dangerous conditions of operation, should bring 
the same to the attention of their employers and urge remedial action. 
If the causes of the danger are not removed they should withdraw. 

12. An electrical engineer should in general be considered directly 
responsible to his employer or client for the successful fulfilment of the 
work upon which he has been engaged and for its satisfactory performance 
as a whole. It should therefore be clearly understood at the outset just 
what the extent or the limitations of responsibility of the engineer are to 
` be. Whether he has been employed merely as designer or whether he is 
retained to design and to superintend construction; whether to design 
only the chief features, or to pass as well upon all details of the apparatus 
that is to be installed. Attention should be directed to the fact that 
defects in the manufacture of material or apparatus is a matter distinct 
from the matters of design or installation. An engineer should not be 
held responsible for the unsatisfactory performance of a plant resulting 
from defective apparatus furnished, unless he has undertaken to include 
this subject. 


C. RELATIONS OF THE ELECTRICAL ENGINEER TO THE OWNERSHIP OF THE 
RECORDS OF HIS WORK: 


15. The following general principles should be recognized: 

If in executing his work, the electrical engineer uses data or information 
which are not common and public property, but which he receives, 
directly or indirectly from his employer, or if the problem solved by the 
engineer is met in the pursuit of his work for his employer, and is not of 
such character that his attention would have been directed to it regardless 
of his relations to his employer, the products of his work, in the form of 
inventions, plans, designs, etc., are not his private property, but the 
property of his employer, though the engineer may be entitled to special 
remuneration for such inventions, etc. 

16. If in the execution of the work the engineer uses only his own 
knowledge or data or information which are public property by prior 
publication, etc., and receives no engineering data from his employer or 
customer, except performance specifications, the results of the work, 
such as inventions, plans, designs, etc. are the private property of the 
engineer, and his employer or customer is entitled to their use only in the 
specified case. 

17. All the work done by the engineer in the form of inventions, plans, 
designs, etc., which are outside of the field of engineering for which his 
employer has retained him, are the engineer's private property. 

18. When an engineer or manufacturer builds apparatus from engi- 
neering designs supplied to him by his customer, the designs remain the 
property of the customer and should not be duplicated for other cus- 
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tomers without express permission. When thé engineer or manufacturer 
and his customer are jointly to work out designs and plans or develop 
inventions, a clear understanding should be arrived at before the beginning 
of the work regarding the proportionate rights of ownership in any in- 
ventions, designs, etc., that may result, since in such case both parties 
should be considered to have rights therein. 

19. Any engineering data or information which an electrical engineer 
obtains, directly or indirectly, from his emplover or customer, or which he 
creates as a result of such information, must be considered by the engi- 
neer as confidential; and while the engineer is justified in using such 
data or experience in his own practice as going towards his education, the 
publication thereof without express permission is improper, as is also 
its use in producing for other parties, work that is characteristic of the 
original customer or emplover. 

20. Designs, data, records and notes made during his engagement by 
an engineer emploved under permanent engagement, and referring to his 
work, are his emplover's propertv. The same matter in the case of a 
consulting electrical engineer are the property of the consulting engineer. 

21. À customer, in buving apparatus, does not acquire any right in its 
design beyond the use in the apparatus purchased. А customer of a 
consulting engineer does no acquire anv right to the plans made by the 
consulting engineer except for the specific case for which the apparatus 
was built or the plans made. 


D.* RELATIONS OF THE ELECTRICAL ENGINEER TO THE GENERAL 
PusBric. 


22. The electrical engineer should endeavor to assist the public to a 
fair and correct general understanding ot engineering matters, spread the 
general knowledge of electrical engineering, and discourage wrong or 
exaggerated statements on engineering subjects published in the press or 
otherwise, especially if these statements are made for the purpose of, or 
may lead to inducing the public to participate in unworthy schemes. 

23. Controversies on engineering questions, however, should never be 
carried on in the public press, but should be confined to the technical 
press and the engineering societies. 

24. First publication of inventions or other r engineering advances should 
not be made through the public press but rather through the technical 
press and the engineering societies. 

25. The publications which an electrical engineer is justified in making 
through the public press should therefore be of a historical, educational, 
instructive or similar character and should not relate to controversies 
het ween engineers or on engineering questions, to new inventions, etc., 
nor contains technical criticisms of fellow engineers, and it should be 
considered unprofessional to give opinions without being fully informed 
on all the facts relating to the question,@nd on the purpose for which the 
opinion is asked, with a full statement of the conditions under which the 
opinion applies. 

26. In giving expert testimony before judicial bodies, the electrical 
engineer should confine himself to brief and clear statements on engi- 
neering or historical facts. He should not give personal opinions without 
so expressly stating, and should avoid pleading on one side or the other. 
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E. RELATIONS OF THE ELECTRICAL ENGINEER TO THE ENGINEERING 
FRATERNITY. 


30. The electrical engineer should take interest in and show due regard 
for the electrical engineering societies and the technical press. 

31. He should assist his fellow engineers by exchange of general 
information, experience, instruction, etc. 

32. He should not take a position left by another electrical engineer 
without satisfying himself that the former has left it voluntarily, or for 
proper reasons. 

33. Where engineering work is in charge of an electrical engineer, no 
other electrical engineer should undertake the work except on request of 
or in coóperation with the electrical engineer who had charge of the work 
before, unless the latter's connection with it has already terminated. 

34. An electrical engineer in responsible charge of work should not 
permit other engineers or non-technical persons to over-rule his electrical 
engineering decisions. If this is done and persisted in, he should as 
soon as is practicable withdraw. 

35. In engineering work in charge of a board of engineers, the respective 
limitations of the authority of each should be decided at the outset, and 
each electrical engineer should give full and complete information on his 
part to the other engineers and insist on this being reciprocated. 


F. RELATIONS OP THE ELECTRICAL ENGINEER TO THE STANDARDS OF 
HIS PROFESSION. 


40. The title '' electrician ” should be applied to those having practical 
training sufficient to enable them to carry on intelligently certain classes 
of electrical work, such as the installation of electric lights, signaling svs- 
tems, and the operation of small electric plants. 

41. The title '' electrical engineer ” should be applied only to graduates 
from the electrical engineering schools of universities of recognized 
standing, and such men as possess an equivalent knowledge of electrical 
engineering. 

42. The title “ consulting electrical engineer " should be applied only 
to those electrical engineers who possess such. knowledge and experience 
in electrical engineering. as would qualify them to full membership in 
the American Institute of Electrical Engineers. 

Signed. 
CHARLES P. STEINMETZ, 
HaARoLD W. Buck, 
SCHUYLER SkAATS WHEELER. 
Chairman, 


Digitized by Google 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


REPORT OF THE BOARD OF DIRECTORS FOR THE FISCAL 
YEAR ENDING APRIL 30, 1907. 


The Board of Directors presents herewith for the information of the 
INSTITUTE a report of its work during the year, and of the various standing 
and special committees, also the financial standing of the organization. 

The Annual Convention was held at Milwaukee, Wisconsin, May 28-31. 
The total registered attendance was 230. At this convention President 
Wheeler delivered his annual address upon the subject of Engineering 
Honor, and twenty professional papers were read and discussed, also 
the report of the Standardization Committee. 

The Board of Directors has held nine monthly meetings during the 
year, and the Executive Committee one meeting. 

In response to the invitation of the Institution of Electrical Engineers, 
a representative party from the American Institute of Electrical Engineers 
was organized to meet with European electrical engineers at London, 
June 24, 1906, and join with them as guests of the Institution in a circular 
tour through Great Britain. The Board of Directors was represented on 
this tour by President Wheeler, Past President Lieb, Manager C. O. 
Mailloux and the Secretary. There were in the party 23 Members and 
12 guests from America, and 22 Members and 6 guests from foreign 
countries. An official banquet was given in honor of the visitors, at 
Hotel Cecil, June 25, at which about 500 guests were present. After 
devoting three days to various technical visits in London and vicinity, 
the party started June 28 on the circular tour, which included visits to 
Stratford, Rugby, Birmingham, Manchester, Liverpool, Glasgow, Edin- 
burgh, Newcastle-on-Tyne, Leeds and Harrogate. This trip was made 
on a special train of dining coaches furnished by the London and North- 
western Railway. Every detail was successfully carried out, and the 
entire tour was not only instructive, but thorougly enjoyable in every 
respect. 

Board of Examiners.—Ten meetings were held during the year, at which 
applications for election as Associates, enrolment as students, and transfer 
to the grade of Member have been reported to the Board of Directors as 
follows: 


Recommended for election as Аѕѕосіаіеѕ.................. 944 
Not recommended for election as Ássociates............. 4 
Recommended for enrolment as students.............. 459 
Recommended for transfer to grade of Member............ 40 
Not recommended for transfer to grade of Member......... 9 
Reinstated to grade of Метђег......................... 1 
Held for further їпЇогпїпайїоп.......................... 7 

Total applications сопѕійегеа...................... 1,464 
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Local Organization Committee. —This committee reports a present 
total of 33 local organizations included under the heads of Branches, Uni- 
versity Branches and Student Meetings. The University of Illinois has 
been made a regular Branch by the Board, it having the requisite number 
of Members and Associates required by the By-laws. Student Meetings 
have also been authorized by the Board at the University of Maine and 
the Montana Agricultural College. A design for a student's pin has been 
authorized, and a supply ordered for sale. A conference with the Editing 
Committee led to an arrangement for the publication of meritorious 
original papers emanating from the Branches. There have been over 
two hundred Branch meetings held, with a total attendance of 16,500. 
At these meetings 137 original papers have been presented. Cornell 
shows an average attendance of 130, with a maximum of 225, Purdue an 
average of 100, with a maximum of 265, Wisconsin an average of 60, 
with a maximum of 175. All of the University Branches show that the 
enrolled Students are taking an active interest in the work. As soon as 
the revenue of the INstituTE will permit, it is the general belief that 
arrangements should be made for the systematic visitation of Branches 
by officers of the INSTITUTE and prominent engineers. There is a general 
call for some action of this kind which it is hoped would be productive 
in general good fellowship. The encouragement of the attendance of 
delegates from the Branches to the Annual Convention is also recom- 
mended by the committee. 

The Engineers’ Building.—During the past year, the permanent home 
of the INSTITUTE, occupied jointly with the American Institute of Mining 
Engineers and the American Society of Mechanical Engineers, has been 
finished and officially dedicated. Through the medium of the United 
Engineering Society, as a holding corporation, the American Institute of 
Electrical Engineers is the owner in perpetuity of one-third of the property 
numbers 25, 27, 29, 31 and 33 West Thirty-ninth Street, being five 
city lots, valued at $540,000, purchased by members and friends of the 
societies, and the building thereon, erected at a cost of $1,050,000, 
which was the gift of Andrew Carnegie to the founder societies. The 
corner stone was laid by Mrs. Carnegie, May 8, 1906, when the structure 
was well advanced. The first INstITUTE meeting was held in the Audi- 
torium, January 25, 1907, and the offices of the INSTITUTE were occupied 
February 4, 1907. Inasmuch as the INsriTUTE has acquired а one- 
third interest in the Engineers’ Building, the value of the equity 
therein has been included as an asset, and appears for the first time 
in the financial statement. 

Building Fund Committee.—-The last annual report of the Building 
Fund Committee stated that on April 30, 1906, the subscriptions had 
reached a total of $132,434.30 from 644 subscribers, and that $88,238.10 
had been received and deposited in the Treasury of the INSTITUTE 
The Committee reports that at the same date this year the number of 
subscribers to the fund had risen to 934; that the amount subscribed had 
reached $163,734.47, and that the amount actually collected and de- 
posited had reached $124,829.17. It will be seen, therefore, that the new 
subscriptions during the year had reached over $31,000, and that the 
cash collections during the year had amounted to $36,591. The largest 
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contributors during the year were Mr. George Westinghouse and the 
associated Westinghouse Companies; namely, the Westinghouse Electric 
and Manufacturing Company; the Westinghouse Air Brake Company; 
the Westinghouse Machine Company; Westinghouse, Church, Kerr 
Company; the Union Switch and Signal Company; the Nernst Lamp 
Company, and the Cooper Hewitt Electric Company. These interests 
subscribed the munificent sum of $50,000 toward the Building Fund of 
the three founder societies, and the INSTITUTE received one-third of 
this amount. The INstituTE also received one-third of a similar sub- 
scription of $3,500 made by the Allis-Chalmers Company. One of the 
most encouraging features of the work of the year was the large increase 
in subscriptions for moderate sums from individual members of the 
INsTITUTE, nearly 300 names being added to the list. It will be seen 
that barely $20,000 is now required to complete the amount that the 
INSTITUTE Wishes to collect in order to meet its obligations in this respect, 
and it is believed that as there are still some 75 per cent. of the members 
who have not contributed to this fund this amount shall be pledged 
during the present year. At the same time, it may be pointed out that 
with nearly 1,000 subscribers to the fund, the Land and- Building Com- 
mittee is able to report a larger percentage of subscriptions from member- 
ship than has ever been secured before in this country in work of the 
same character in a technical societ v. 

Standardization Committee.—A preliminary report prepared by this 
committee was presented at the Milwaukee Convention in 1906, where 
it was very thoroughly discussed, and referred back to the committee for 
further revision before being submitted to the membership. 

The committee has held eleven meetings during the year, and the 
amended rules have been sent out to such members of the INSTITUTE as 
were believed to be especially interested in the work. A large number 
of suggestions have been received, many of which were incorporated in 
the tentative draft, and the rules are now practically in. suitable form to 
` be resubmitted for consideration at the Niagara Falls Convention. 

Committce on Bibliography.—By the terms of the Wheeler Deed of 
Gift, dated May 17, 1901, conveying to the INsriTUTE the Latimer Clark 
librarv, a complete catalogue ratsonne is to be published in the name of 
the INSTITUTE, reciting the condition of gift and explaining the features 
of interest of each book, for the convenience and information of members. 
The preparation of these entries, their verification, and chronological 
and subject classification, has been completed, and the work is now in 
the hands of the printer. Arrangements have been made with the 
Library of Congress and the British Museum for a careful comparative 
reading of the proofs, and Dr. Silvanus P. Thompson, Dr. G. Hellman 
and Paul F. Mottelay have also kindly consented to read them critically. 
The necessary care required to insure accuracy, and render the work 
authoritative and worthy of the INsTITUTE, involves a considerable 
amount of time, but it is hoped that the volume will be finished during 
the present year. 

Committee on Papers.— This committee has endeavored to obtain 
theoretical and practical papers covering the principal branches of the 
art, and also to make the discussions more valuable, by inviting specialists 
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to take part, after studying the papers in advance. Sixteen papers were 
presented at New York, and 21 are listed for the Annual Convention at 
Niagara Falls, in addition to topical discussions. 

The committee recommends the preparation of rules and specifications 
for the guidance of authors in order that suitable cuts may be prepared 
for publication at a considerable reduction in cost. 

The Editing Commuttee.—Immediately after its appointment, the 
attention of this committee was directed to the possibility of making the 
Proceedings a vehicle of information to the membership, of the general 
work of the INSTITUTE. A conference with the Local Organization Com- 
mittee brought out the desirability of also including therein a larger pro- 
portion of meritorious papers originating through the Branch meetings. 
This work was undertaken beginning with the October 1906 issue, and 
many expressions of approval have reached the committee and the Secre- 
tary. The change has involved considerable additional labor and expense, 
but the result has not only been appreciated by the membership, but has 
made the Proceedings a still more valuable advertising medium. 

John Fritz Medal.—On the occasion of the dedication of the Engineers’ 
Building, April 17, 1907, this medal was presented to Alexander Graham 
Bell Past-president of the Institute, in accordance with the decision of 
the John Fritz Medal Board of Award, upon which the INsTITUTE is 
represented. 

Committee оп Law.—The attention of this committee has been again 
devoted to a revision of the Constitution. The failure in the adoption of 
the draft submitted a year ago, led to the preparation of a revision em- 
bodying fewer changes, and the committee had the benefit of the advice of 
a majority of its members representing the interests of the Branches. 
The result was satisfactory in enlisting the enthusiastic support of the 
Branches, many of which made special efforts to induce their members to 
send in their votes, with such success that over 2,500 ballots have been 
received. 

High Tension Transmission.—A specia meeting was held in New 
York, March 22, under the auspices of this committee, at which intro- 
ductions to discussions had been prepared. In addition to the oral dis- 
cussion, a large number of written contributions were received from mem- 
bers in various parts of the world. The committee has arranged for 
another meeting at Chicago, May 24, and for a session at the Niagara 
Falls Convention. Arrangements were made for the publication in a 
single volume of the earlier work of this committee, the sale of which was 
very satisfactory, and a second edition is now being printed. The 
royalties received for these publications will practically cover the expenses 
of the committee, while the direct professional value of the information 
thus obtained and disseminated, is strong evidence of the benefits to be 
derived from the work of the INsTITUTE. 

Increase of Membership.—This committee has been continuously 
occupied during the year in bringing to the attention of non-members 
actively engaged in electrical work, the increasing prestige of the Ім- 
STITUTE, in order that its benefits and usefulness might be more generally 
appreciated. The results have been very gratifying, as shown by the 
number of candidates posted each month, reaching a total of about 1,200 
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during the period covered by the work of this committee. Since January 
1, about 40 enrolled students have applied for election as Associates. 
The cost of carrying on the work of this committee is estimated at about 
one dollar for each application received. 

Membership.—The total membership at the close of last year’s report 
was 3870 classified as follows: 


Honorary Members ооа ht ca eb petat aub 2 
Mem ds PIC D -——————— vm 508 
САСО ОСБ od sid ам а ее a wand d SU Va OO 
ТОГА МАУ ООО рәт rit xs auteni Su Eds 3870 
Elected prior to May 1, 1906, and since qualified............ 90 
Elected May 1, 1906, to April 30, 1907, and qualified........ 751 
Restored to Меп1һег$һїр............................... 
` 4712 
Deduct — 
POCA DEA iS CCP 22 
Total Resignations.......0.0 0.0.0.0... cece eens 40 
Dropped as асїїтчиеп{.............................. 129 
191 
Total membership April 30, 1907....................4521 
The membership April 30, 1907, is classified as follows: 
Honorary Members iced oc eee eee hk eee БА 2 
MOI DOR ае dub e ara dI Tema ire MET dn ТТ 536 
ASSOGIILOS ote cs utri a eso ker Rina asd Cd SE UU 
Total кка C"""———————————— m 4521 


Assoctates Elected. —The Associates elected during the year, May 1, 
1906, to April 30, 1907, and their present status is as follows: 


Qualihed and now Associates... 0006. eee ee ees 751 
Elections Cancels edes bg tre E E hace pto aui di 2 
Not-qualined on Npril 30. уугу шиж» ou ry Re кее ЫЗ 196 

Total eleetOlts: «oa aue mo ИЧ m ea ip a ed ees 040 


Restgnations.—The following Members and Associates have resigned 
in good standing during the year: 


Members.—-A. E. Childs, P. Dawson. 

Associates. — W. Ambler, F. Е. Bahnson, S. R. Barton, G. R. Bott, 
W. F. Bouché, Orion Brooks, E. M. Burgess, H. 8. Burroughs, E. L. 
Caldwell, F. R. Chambers, R. E. Cunningham, C. C. Curtis, W. H. Dopp, 
C. A. Fernald, George S. Gibbs, J. M. Gilmore, Phillip Hamlin, W. E. 
Hopton, C. E. Harthan, M. C. Hull, J. E. H. Hyde, J. E. Ives, P. H. 
Lombard, W. K. Leggett, Felix Levy, John Lind, W. W. Mason, Jr., 
J. A. L. Moller, б. E. МсСагп, W. E. Moody, G. W. Мне, Е. R. School- 
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field, A. V. Sedgwick, R. C. Shaal, Angus Sinclair, F. S. Stitt F. R. Spiller, 
C. H. Tyndall Total, 40. 

Deaths.—There have been during the year the following deaths: 

Members.—A. V. Abbott, J. B. Cahoon, F. L. Freeman, Eugene 
Griffin, F. E. Jackson, J. E. Lloyd. 

Associates.—-C. A. Bragg, Louis Cassier, E. E. Davis, K. G. Gillberg, 
H. W. Goode, A. E. Hayes, W. C. Johnson, W. J. Johnston, B. E. Mercil, 
K. Okamota, C. F. Parker, C. L. Spier, A. H. H. Trott, F. Townsend, 
L. C. Whitehouse, W. A. Whittlesey. Total, 22. 

Dropped as delinquent during the year, 129. 


The average receipts and disbursements per сарта for the past seven 
years, are shown in the following table: 


RECEIPTS AND DISBURSEMENTS PER YEAR PER MEMBER. 


During each fiscal year for the past seven years. 


Үеат............................... 1991 1902 1903 1904 1905 1906 1907 
Membership, April 30th, each year.... 1260 1549 2230 3027 3460 3870 4521 
RECEIPTS PER MEMBER: | 
Entrance Вееѕ.................... $0.61 $1.16 $1.59 $1.65 $0.83 $0.75 $0.90 
Dues.. ... 861 10.06 9.01 933 9.30 9.47 8.95 
Transactions, “Sales, Advertising. ORT 1.03 1.54 1.79 211 1.70 2.15 1.81 
Badges........ pras Venu. abo .26 .35 39 .28 ‚27 ‚30 
Interest.. "rp" .12 .24 .21 .18 .21 .13 .25 


$10.55 $13.26 $12.95 $13.66 $12.32 $12.77 $12.21 
BE TS TER MEMBER: 


Transactions........ . $2.83 $3.50 $467 $3.43 $377 $3.33 $2.83 
Salaries coded sede xus AR PUT RACE 2.40 2.78 2.49 2.50 220 264 2.53 
Meeting EX pense. incl. Branches... 1.05 1.13 87 1.16 82 .68 .68 
Housing.. ; .94 .94 .65 79 .75 68 1.33 
Library, incl. Rent and Salaries.... .55 1.85 1.38 1.39 .81 .69 1.37 
Postage.. Te .46 .51 ‚69 ‚66 ‚66 ‚5% .59 
General E and Miscel. ‘Printing. Кое .39 .53 96 1.01 .70 ‚75 85 
General xpensess EM einen .33 .99 .52 .45 .54 ‚29 .43 
Badges.. ey ore ee eer .16 .19 .27 .35 .25 „22 .20 
Ерте botas so Rd EP EL AS 15 .15 15 .28 .22 .23 .28 
Аауегїїзїпд....................... .36 .30 
Offce Еїїпдб.................... .14 
Total.. TY . $9.35 $12.17 $12.65 $12.02 $10.72 $10.48 $11.62 
Credit Balance per "Member.......... . $1.20 $1.09 $0.30 $1.64 $100 $2.29 .59 


LAND, BUILDING AND ENDOWMENT FUND. 
RECEIPTS. 


Before appointment of Com- DISHUREEME NTS: 
mittee... $ 6100.00 | Paid United Engineering So- 
Соер by Committee. . ... 123,361.67 Pad OR DA UTE Qo 8.000.00 
t dina .910.: : к 
titerest'on ‘balances. 2.9 10:38 ciety, acct. Mortgage,....... 9,000.00 
Paid United Engineering So- 
ciety, acct. Interest......... 10,620,00 
Paid tor Fittings and furniture 
of Engineers’ Building.. As 3,924.04 
Expenses of Committee., Р 4.651.94 
Balance in bank Мау l. 1907 96,146.07 
$132,372.05 132,372.05 
NOoTE:— 
Collected by Committee, as reported аЪоуе............................... $123,361.67 
Collected by Committee deposited since May 1............................. 1.467.50 


Total collected by Committee as per the Committee's героті............... 124,829.17 
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New Yonk, May 20, 1907. 
. DR. SAMUEL SHELDON, 
President of the American Institute of Electrical Engineers. 


Str: Pursuant to the provisions of the Constitution, the Committee on 
Finance has during the year exercised supervision over the financial 
affairs of the INsTiTUTE. It has considered all bills and approved for 
payment such as constituted a proper charge against the INsTITUTE. 

It has considered and reported upon specific appropriations, and has 
made special reports upon various matteis referred to it by the Board of 
Directors. 

As provided by the Constitution, it has employed an expert accountant 
to audit and report upon the accounts of the INSTITUTE; and this report 
made by Messrs. Peirce, Gimson and Co., certified public accountants, has 
been approved by the Committee on Finance, and is trarsmitted herewith. 

Very truly yours, 


J. J. Carty, 
Chairman Committee on Finance. 


GENERAL FINANCIAL STATEMENT. 


Mr. Јонм J. Carry, 
Chairman Committee on Finance. 


Str: In accordance with your instructions, we have audited the books 
and accounts of the American Institute of Electrical Engineers for the 
year ended April 30, 1907. 

The results of this examination are presented in four exhibits, attached 
hereto, as follows: _ 

Exhibit A. Balance sheet April 30, 1907. 

Exhibit B. Receipts and disbursements for general purposes for year 
ended April 30, 1907. 

Exhibit C. Receipts and donations for designated purposes, also 
expenditures on same for year ended April 30, 1907. 

Exhibit D. Condensed cash statement. | 

We beg to present attached hereto our certificate to the aforesaid 
exhibits. 

Yours very truly, 


PEiRCE, Gimson & Co., 
Certified Public Accountants. 
Mn. Јонм J. Carty, 
Chairman Committee on Finance. 


DEAR SIR: 


Having audited the books and accounts of the American Institute of 
Electrical Engineers for the year ended April 30, 1907, we hereby certify 
that the accompanying Balance Sheet is a true exhibit of its financial 
condition as of April 30, 1907, and that the accompanying statements of 
Cash Receipts and Disbursements are correct. 


PEIRCE, Gi1MsoN & Co., 
Certified Public Accountants. 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 
BALANCE SHEET APRiL 30, 1907. 


Ехнівіт A. 


ASSETS. 
CASH: 
Land, Building and 


Endowment tund $96.146.07 
Carnegie (Library) 
ЕЕ 3,529.60 
General Library 
tund... ..... 237.00 
Compounded Mem- 
bership fund and 
Interest.... .... 5,465.34 
*Maiiloux fund..... 1.007.55 
International Elec- 
trical Congress of 
St. Louis, 1904, 
Library fund..... 2.140.10 
$108, 525.66 
*General cash in 
bank ое irisa 17.624.24 
Secretary's petty 
cash on hand.... 
$126,649 90 
United States Gov- 
ernment Bonds 3s, 
1918. 8,000,00 
Premium on Bonds. 320.00 
8,320.00 
Equity in Societies 
uilding (25 to 33 
West 39th Street) 350,000.00 
One-third cost of 
land (25 to 33 
West 39th Street) 180,000.00 
—— — — — 530,000.00 
Library volumes and 
fixtures....... ... 24.174.76 
Transactions.. 4,352.75 
Office furniture ‘and 
fixtures.. 5,114.30 
Works of art, paint- 
ings, etc. 2,300.00 
Badges............ 210.25 
36,152.06 
Accounts RECEIVABLE: 
Members for past 
diues. steeds, 8,966.60 
Members for en- 
trance fees....... 295.00 
9,261.60 
Miscellaneous....... 145.60 
Subscriptions. ...... 24.90 
For advertising. .... 1,661.47 
—————__ 11 093.57 
United Engineering Society, 
assessment, advance ey 
ment May and June.. 2,222.22 
Total Assets.... .. 714,437.75 


* The Farmers’ Loan and Trust Co. de- 
osit account includes $7.55 of the Mailloux 
“und, 


LIABILITIES AND SURPLUS. 
FunDs: 
Land, Building and 
Endow "ment Fund $96,146.07 


Carnegie (Library) 
Епа 3,529.60 
General Library 
Еа аа a.. 237.00 
Compounded Mem- 
bership Fund and 
interest. : 5.465.34 
Mailloux Fund. 1.007.55 
International Elec- 
trical Congress of 
St. Louis, 1904, 
Library Fund.. 2,140.10 
$108,525.66 
Reserve fund ee S. 
Govt. Bonds).. 8,320.00 
Total. $116.845.66 
United s 
Society dor cost 
of land).... 171,000.00 
Total liabilities. . ..... $287,845.66 
SURPLUS: 
In cash.. $18,124.24 


In property and ac- 
counts receivable. 408,467.85 
—————— 426,592.09 


a es 
habilities and sur- 
elles ss 9714,437.75 


Total 
plus... 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


RECEIPTS AND DISBURSEMENTS FOR GENERAL PURPOSES FOR YEAR 
ENpED APRIL 30, 1907. 


Ехнівіт B. 


RREcRiIPTS. DISBURSEMENTS. 
Entrance Fees......... $4,075.00 Stationery and Printing$3,830.80 
Current Dues.......... 35,653.25 Postage............... 2,669.83 
Past Dues............ 2,310.00 General Expenses...... 1,972.26 
Advance Dues........ . 219.00 Meeting Expenses...... 1,861.13 
Students’ Dues........ 2,256.00 Branch Meetings....... 1,196.96 
Transfer Fees......... 395.00 Badges... ooa iis 1,354.30 
Badges...... 1.367. Ѕа1агіеѕ............... 9,407.40 
$46,275.75 | Rent.. 2,645.04 
Sales, Transactions. 915.07 Office Furniture.. ..... 652.39 | 
Subscriptions, Proceed- $25,590.11 
ings.. ees. | 661.98 PROCEEDINGS—TRANSACTIONS: 
Advertising. eoe 9.597,35 ДП i s Á ... 6,624.79 
Binding. n 89.80 Salary............ 2,000. 
Exchange. ... 14.59 Engraving шек 1.446.97 
:REST: 'olumes.......... 3,299.32 
U.S. Govt. Bonds. 240.00 Ane: eee 689.29 
Bank pancis 865.10 Binding.......... 704.79 
Royalty.. .. 239.75 Express.... 1.272.76 
Sundries (refund). So ds : 13.32 Advertising | Сот. 
[Insurance Rebates.. 22.13 missions. T 1.380 00 
Rent (sub-tenant).. 250.00 $17,417.92 
8,909.09 | Liprary: 
Rent.. 1,475.04 
Librarian salaries.. 887.20 
Library Insurance. 106.35 
Miscellaneous..... 395.66 
—— ———— 2,864.25 
United Engineering Society..... 6,666.66 


Total. ИРОК $52,538.94 
Excess receipts over disburse- 
ments deposited in generalfund 2,645.90 


То ай ыла кулша жаш $55.184.84 $55,184.84 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


RECEIPTS AND DONATIONS FoR DESIGNATED PURPOSES ALSO EXPENDI- 
TURES FOR YEAR ENDED APRIL 30, 1907. 


EXHIBIT C. 

RECEIPTS. 
Land, Building and Endowment und, JBOnSUOBR. Interest, etc. ...$37,062.46 
Carnegie (Library) Fund. Eee ande A SN is 119.08 
General Library Fund, Interest.. . 7.08 
Life Membership Fund.. | 578.37 
International Electrical Congress ‹ of St. Louis, 1904, Í, Library Fund.. 73.04 
Mailloux Fund, Interest. m 30.00 
Total $37,870.03 

EXPENDITURES, 
Land, Building and еше Pundi . .$21,617.01 
Carnegie (Library паа 541.85 
(зепега] ey und.. 2.64 
Mailloux Fund.. 23.20 
Total Expenditures. . . .$22,184.70 
Deposited to credit of their respective fund accounts. . 15,685.33 
б носа ОРАР УОРРЕН a ОТРИ В $37,870.03 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


CONDENSED CASH STATEMENT. 


Ехнівіт D. 
Cash on deposit April 30th, 1906.. „............... $107.818.67 
Secretary's petty cash April 30th, 1906. . е Sees 500.00 
ү $108,318.67 
Receipts for general purposes, Exhibit " B "................ 55,184.84 
Receipts for designated purposes, Exhibit ' "en "rS 37,870.03 
—————— — $201,373.54 
Disbursements for general purposes, Exhibit " B '........... $52,538.94 
Expenditures for designated purposes, Exhibit ©“ C "......... 22,184.70 
—— $74,723.64 
Balance on hand April 30th, 1907.. ONES od $126.649.90 
On deposit for designated purposes, Exhibit. dE. ЗРО RENE $108,525.66 
On deposit for general purposes, Exhibit ‘ is or Ns last Saat 17,624.24 
Secretary's petty cash, Exhibit “А ''.. ———— 
$126.649.90 
PROPERTY ACQUIRED DURING THE YEAR. 
ое as directed by the Constitution.) 
Office Furniture and Еїхїишгез.......................................... $4328.86 
Library Books and Binding. . АРИЕТ 500.00 
Engineering Societies Building. ‘Equity... Sawin ale ZG wake ears Ree eve a. 350,000.00 


All outstanding bills rendered prior to May Ist, 1907, have been 
paid. 
Respectfully submitted for the Board of Directors. 


RaLpH W. Popre, Secretary. 


A paper presented at the 24th Annual Conven- 
tion of the American Inststute of Electrical En- 
gineers, Niagara Falls, N. Y., June 25, 1907. 


Copyright 1907. By A. I. E. E. 


(Subject to final revision for the Transactions.) 


THE HEATING OF COPPER WIRES BY ELECTRIC 
CURRENTS 


BY A. E. KENNELLY AND E. R. SHEPARD 


In August 1889, a report was made by one of the present 
writers! to the Edison Electric Light Co., on '' The Heating of 
Conductors by Electric Currents." The report was published 
in the minutes of the convention of the Association of Edison 
Illuminating Companies, at Niagara Falls, August 1889. It 
contained a large number of measurements of the temperature 
elevations of active conductors supported in wooden moulding, 
and in free air, within doors and without. A further report 
was made in 1893? upon the temperature elevations of electric- 
light cables. The research reported in the present paper has 
been undertaken to extend the scope of the above measure- 
ments, and also to increase the precision of the results previously 
obtained. In the measurements of 1889 and 1893, above re- 
ferred to, the temperature-coefficient of resistivity of copper 
wires was taken as 0.388 per cent. per degree centigrade of 
temperature elevation; whereas it is now taken by the American 
Institute of Electrical Engineers as 0.42 per cent. per degree 
centigrade from and at 0? cent? Again, the law of thermal ra- 
diation employed was that of Dulong and Petit;4 whereas the 
law of radiation generally adopted at this time is that of Stefan.’ 

"Ihe Heating of Conductors by Electric Currents, by A. E. Kennelly, 
The Electrician, Dec. 13th, 1889, Vol. XXIV, p.142; The ElectricalWorld, 
Vol. XIV, No. 21, p. 336, Nov. 23, 1891. 

*The Carrying Capacity of Electric Cables, Submerged, Buried or Sus- 
pended in Air, by A. E. Kennelly, Minutes of the Ninth Annual Meeting 
Association of Edison Illuminating Companies, 1893, p. 79. 

Trans. Am. Inst. Elect. Engineers, Vol. XIX, p 1082, June, 1902. 
Standardization Report. 

* Annals de Chemie et de Physique, 1817, Vol. VII. 

5W on Akad. Ber., 1879, LX XIX, pp. 391-428. 
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Although these changes in physical data and constants do not 
greatly affect, from an engineering standpoint, the results pre- 
viously obtained; yet it seemed desirable to make a new series 
of measurements? and deduce their results with the aid of the 
most recent data. It is the object of this paper to describe the 
new measurements, so far as relates to wires in water, soil, or 
wooden moulding, leaving the measurements on wires in air 
to some future occasion. 

Method of Determining Temperature Elevations. The copper 
conductor under test had a length of from 2 to 6 metres (6.56 
to 19.69 feet). Pressure wires were soldered to it near its ends. 
The resistance of the conductor between these pressure wires 
was determined, first, when cool, 2.е., at the temperature of 
the surrounding air, and second after having been heated by 
an electric current of measured strength. The increase in the 
resistance of the conductor enabled its increase in temperature 
to be determined by the formula: 


К, = К, (1+ 0.0042 1) ohms (1) 


where R, is the resistance of the conductor at 0? C., and К, its 
resistance at 17? C. 

Method of Measuring the Resistance of the Copper Conductors. 
The resistances of the copper conductors under test were measured 
by differential galvanometer; t.e., by connecting one coil of a 
differential galvanometer to the pressure wires on the tested con- 
ductor, and the other coil to the terminal of a German-silver 
constant resistance of determined amount, in circuit with the 
tested conductor. Extra resistance was inserted in the circuit 
of the coil of preponderating current until the galvanometer 
deflection was zero, or the two currents differentially balanced. 
Under these conditions, the resistance of the tested conductor 
became known in terms of the constant German-silver resist- 
ance. As the tested conductor increased in temperature, its 
changes of resistance could readily be observed and followed, by 
noting the change in the balancing resistance. 

The electrical connections employed are indicated diagram- 
matically in Fig. 1. А separate motor-driven low-voltage 
direct-current dynamo Y, of 3 kw. capacity (300 amperes at 
a report thereon formed the subject of a thesis for the degree of A.M. by 


E. К. Shepard, entitled : ‘‘ The Heating of Copper Wires by Electric Cur- 
rents,” 1906. 
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10 volts), was connected by stout leads to the conductor C C, 
under test, in another room, through a grid resistance D of 
German-silver wires, and a regulating resistance R. The cur- 
rent strength in the circuit was measured by the Weston am- 
meter .4, and adjusted partly by varying the resistance R, and 
partly by varying the shunt field rheostat F. The differential 
galvanometer G has one coil connected to pressure wires on the 
standard grid resistance D, and the other coil to pressure wires 
on the tested conductor C C. Ап adjustable resistance r 
was inserted in one or the other of the two galvanometer cir- 
cuits as occasion required, in order to secure a differential 


Оз — жа 


Fic 1—Electrical connections in tests 


balance. Switches in the main circuit and in the galvanometer 
circuits have been omitted from the diagram. 

The German-silver Wire Grid. The grid was made up in 
such a manner as to carry the strongest testing currents used, 
with a relatively small rise of temperature, and was made of 
metal having a relatively small temperature-coefficient of re- 
sistivity, so as to maintain a practically constant resistance 
during the tests. It consisted of an open wooden frame about 
2 metres long (6.56 feet) by 1 metre broad (3.28 feet), contain- 
ing 65 parallel wires of German-silver supported freely in air, 
each 0.129 cm. (0.0508 in.) in diameter, and 183 cm. (6 feet) in 
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length. These wires were divided into three permanently con- 
nected groups of 25, 20, and 20 wires respectively, in such a 
manner that the groups could be connected either in series, 
or in parallel, for different resistances and current-carrying 
capacities. When the three groups were connected in series, 
the total resistance of the grid between pressure wires was 
0.0441 international ohm. When the three groups were con- 
nected in parallel, the resistance of the grid between pressure 
wires was 0.0044 international ohm. Intermediate ѕегіеѕ- 
parallel groupings and resistances were also used in some of the 
tests. 

The resistance of the grid was frequently measured and 
checked. One such check measurement was ordinarily made 
with each successive conductor test. The grid resistance was 
measured by using the same connections as are shown in Fig. 1; 
but with a standard platinoid strip resistance substituted for 
the conductor C C. Two such standard strips were emploved, 
with resistances of 0.015125 and 0.03053 international ohms 
respectively. These standard resistances were in their turn 
checked and calibrated by comparison with a standard 0.01 
international ohm loaned by the Jetferson Physical Laboratory. 
All the measurements of resistance stated in this paper are in 
terms of the international ohm, and are ultimately referred 
to this 0.01 ohm standard. 

The Differential Galvanometer. The galvanometer employed 
was of the Edelmann type, having a steel split-bell suspended 
magnet, swinging in a copper well, and two separate coils of silk- 
covered wire placed on opposite sides of the suspended magnet. 
These coils were wound specially for these tests with silk-covered 
copper wire, each coil having a resistance of about 1800 ohms. 
The resistances of the coils, being subject to change with varia- 
tion of room temperature, were frequently measured during 
extended tests. The differential condition was also frequently 
checked. 

The sensitiveness of the galvanometer as used in the tests 
was 0.143 microampere for 1 mm. scale deflection at the range 
used of 140 cm. Referred to a range of 1 metre, this would 
be 0.20 microamperes per mm. scale-reading deflection, or the 
current sent by 1 volt through 5 megohms, including both coils. 

The periodic time of the galvanometer swing was 5.17 seconds. 
The damping ratio of successive opposite elongations was 2.465; 
or the Naperian logarithmic decrement of successive opposite 
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elongations 0.9027. Four complete swings, executed in 20.7 
seconds, sufficed to reduce the deflection to 444 gth part; or, 
for practical purposes, to rest. 

When balance is obtained on the differential galvanometer 
G in Fig. 1, we have 


Ge+r 


х = Ro С international ohms (2) 
D 


where R» is the resistance of the grid, Gc; and Gp the resistances 
of the two galvanometer coils respectively, including leads, and 
r the resistance added to the circuit of the conductor C C, 
whose resistance is x ohms. In all the experiments, G and r 
were measured by a B.A.-unit4Wheatstone bridge, іп B.A. 


Fic. 2—Diagrammatic cross-section of lead-covered insulated wire 


Go+r 


Gp 


(2) this does not affect the evaluation of x in international ohms. 

Theory of the Temperature Elevation of an Active Conductor 
Cooled Entirely by Thermal Conduction. The simplest case of 
the heating of an active electric conductor is that of a uniform 
cylindrical wire carrying a steady direct current, and covered 
with a uniform concentric coating of rubber or other insulator, 
the external surface of which, either with or without a leaden 
sheath, is kept at a uniform known temperature by being im- 
mersed in a tank of running water. 

In Fig. 2 the wire of diameter d cm, is covered by insulating 
material to a total diameter of D cm. The external sheath of 
lead is so good a thermal conductor that, for all practical pur- 
poses, its temperature is /? C. at all points. The internal wire 


ohms. As, however, only the ratio appears in formula 
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of copper is likewise so good a thermal conductor that its tem- 
perature at all points is £--0 degrees centigrade. This means 
that after a sufficiently long application of a direct current 
through the wire to establish a steady thermal condition, there 
is a difference of temperature of 0? C. between the internal and 
external surfaces of the insulating cylinder. 

If we consider one unit length or linear centimetre of the con- 
ductor, the thermal resistance, to the radial flow of heat, offered 
by any cylindrical element of the insulator between the radii 7 
and r+d r centimetres will be 


dR = 2 ыз o thermal ohms (3) 


where ø is the thermal resistivity of the insulator at its working 
temperature, and is numerically equal to the thermal resistance 
of a cubic centimetre of the substance between any pair of op- 
posed faces, dr is the thickness of the elementary cylinder, 
and 2 z r the surface area of this cylinder in unit length. The 
total thermal resistance between wire and sheath will be the 
sum of all the resistances of the elementary cylinders between 
the internal diameter d and the external diameter D; or 


D 
(i = e Og є thermal ohms (4) 
in a linear centimetre of the insulator. 

If p, is the electric resistivity of the wire at the initial tem- 
perature Ё C., which is also the temperature of the external 
surface, the electric resistance of the wire per linear cm. 15 


4 pt 
R, =з ohms at ° С. (5) 
and at the temperature finally reached by the wire (44-0)? C., 
the resistance 15 


К, + = inem ohms (6) 


where a 1s the temperature coefficient of resistivity of the wire 


s г 1 
for the initial temperature Ё C., and? is equal to S38 TAT 


"The Resistivity Temperature—Coefficient of Copper. Electrical 
World, June 30, 1906. 
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The total flow of heat, or thermal current, passing radially 
through a linear centimetre of the insulator in the steady state, 
with a current of I amperes in the wire, is 


J= P Rit watts per cm. (7) 


This thermal energy current follows a law similar to Ohm's 
law, or 


JS = a watts per cm. (8) 


and by (4) J -—————— watts per cm. (9) 
NUR D 
2'a og e d 


GIU ram. ul d 
and by (6) d ER x ae 
9 Og € d 
watts per cm. (10) 
D 
0 200, log P 
PELIS ey = MES 2 
Consequently іа Dj c I degrees C. (11) 
OT | = К [? degrees С. (12) 
1 +а 0 | Е 


where K is a constant for a conductor of given dimensions, if 
the thermal resistivity o may be taken as constant. We know 
that o may vary with temperature in many substances, but 
there is evidence in this report to show that it is substantially 
constant in various insulating substances, between the limits of 
0? C. and .100? C. 

Equations (11) and (12) express the relation between the 
final temperature of any wire carrying a continuous current, 
under the conditions of Fig. 2. Equation (12) must apply 
to any uniform wire carrying a continuous current in the steady 
state, no matter how many successive layers of insulator there 
may be, provided only that the heat escapes by conduction, as 
distinguished from radiation and convection, and also provided 
that the thermal resistivities of the successive insulators may 
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be taken as constant within the range of their working tem- 
‘peratures. Formula (12) applies, therefore, to all buried con- 
tinuous-current cables, and also to insulated wires in water. 
It also applies fairly well to insulated wires in wooden moulding. 
It is the fundamental equation of electric heating of concealed 
wires, carrying continuous currents, from the temperature Р C. 
of surrounding objects to the final temperature (і + 0)? C., when 
the temperature elevation 0 does not exceed, say, 100? C. 

The temperature coefficient a varies with the initial tem- 
perature Ё C. 


For an initial temperature і = 12° C. a = 0.004 
“u а « « t= 18°C. а = 0.0039 
“u u “ “ t = 25°С. a = 0.0038 


If we take і = 18°C., as an average initial temperature in 
practice, equation (12) becomes: 


—— Ü = K [? degrees C. (13) 

This means that the final temperature elevation 0 of a wire 
carrying a continuous current I amperes, increases somewhat 
more rapidly than the square of the current, and the deviation 
from the square is greater, the greater the temperature eleva- 
tion. This relation may also be rendered evident in a graphical 
way as follows: Logarizing both sides of (13), we have 


log 0 - log (1+0.0039 0) = 2 log [+k (14) 


where & = log K, and is a constant for a given size of wire and 
succession of insulating coatings. 

If we plot log J (Fig. 3) against log 0, we draw the straight 
line ef, making with ex an angle 63° 26’ whose tangent is 2. 
This represents the locus of log 6. We then lay off a curved line 
A BC D, such that its distance from the straight line ЕЁ is 
everywhere } log (1+0.0039 0). By deducting these distances 
from e f, we obtain the final curve abcd, which, by (14), is 
the graph of log 0 in relation to log I. Joining the points a 
and d by the broken straight line a d, we find that this is in- 
clined to the e x axis by an angle whose tangent is 2.289; so 
that the final temperature elevations of 10° and 100° C., in 
accordance with (13), represent an increase of temperature in 
the ratio of 17, or the exponent of 2.289 for the currents- 
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In other words, judging from these two observations alone, it 
would appear that the temperature increased as the 2.289th 
power of the current. If, however, we consider the points 
a and c on the curve, corresponding to the temperature eleva- 
tions 10° and 50° C. respectively, the dotted straight line ac 
makes with e x an angle whose tangent is 2.19. This represents 
an increase of temperature elevation according to [2"!%, so far 
as concerns these particular points. 


Fic. 3— Diagram indicating the graphical relation between 
current and temperature elevation when plotted on 
logarithm paper 


If then we plot log 0 against log 7, in accordance with (13) 
and (14), the graph will be a flat curve commencing at an angle 
tan! 2, and bending slowly upward in such а way that on the 
109-50? range, 0 varies approximately as [*?; whereas taking 
the 109-100? range, 0 varies approximately as /2°. The exact 
value of the exponent will depend both on : and on б. If we 
limit our enquiry to temperature elevations of 50? C., we may 
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expect to find the observations on logarithm paper fall nearly 
on a straight line, making an angle tan- 2.2 with the axis of 
abscissas. If, however, we extend the range of observation 
to 0 = 100? C., the mean straight line on logarithm paper will 
be somewhat steeper, and approach the angle tan“ 2.3. 


Thus if t = 6°C. 60 [2-3% between 0 = 10 and 100° C. 
ift = 19°С 9x [2-29 и У 
iff = 18° С. Ө о [2:289 « « « а « 
if £ = 25°C. Ө о p? “ “ _ “ú “ “ 


For practical purposes, therefore, with temperature elevations 
averaging about 50? C., we may regard the theoretical graph 
of temperature elevation against current strength on logarithm 
paper as conforming fairly well with a straight line making an 
angle tan~ 2.2 or, 65? 33’, with the axis of abscissas, or 


log 0 = 2.2 log Ik (13) 
corresponding to 
= КГ"? deg. C. (14) 


Measurements of Temperature Elevation in Rubber-Covered 
Wires. Five sizes of rubber-covered and braided code wire, 
all from the same factory, were used in these tests, immersed 
in running water. The dimensions of these wires are given in 
the following table: 


f TABLE ı. 
DIMENSIONS OF RUBBER-COvERED AND BRAIDED Сорв WIRES 
Size of | Diameter of Copper Wire Diameter over Rubber Diameter over Braid 
Wire 

A.W.G cm Inch cm Jnch cm Inch 
8 0.3263 0.1285 0.6348 0.25 0.7365 0.290 
10 0.2552 0.1005 0.4952 0.195 0.6223 0.245 
12 0.2032 0 0800 0.432 0.170 0.5715 0 225 
14 0.1626 0.064 0.3957 0.157 0.482 0.190 
16 0.1296 0.051 0.2595 0.114 0.381 0.150 


A length of about 5 metres of each of the above wires had 
pressure wires soldered to the conductor, and was then immersed 
in running water during the test. The time required to attain 
a practically steady temperature after the application of a con- 
tinuous current was only about 5 minutes under these condi- 
tions. Table II gives the recorded observations in the case 
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of the No. 16 wire, and is a fair example of the measurements 
taken collectively. The second column gives the current 
strength steadily applied. The initial balance was obtained by 
a brief application of a current of 3 amperes. <A current of 30 
amperes was then applied at the start and the balance again 
Observed after 7 minutes. The current was then increased to 
35 amperes for 8 minutes, and so on. 


& 
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FINAL TEMPERATURE ELEVATION OF WIRE CENTIGRADE, 


140 109 
AMPERES r 


Fic. 4—Observed temperature eievations of different sizes of 
Code rubber-covered wires in water 


The last column but one gives the thermal resistance of a 
linear centimetre of dielectric and braid. Its mean value is 63.9 
thermal-ohm-cm. 

The temperature elevations 0 in the above table are plotted 
as black circles in Fig. 4 on logarithm paper. The straight line 
marked No. 16 braided, is drawn through the 30-ampere point 
to make an angle of 65° 33’, or tan“ 2.2, with the axis of ab- 
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scissas. This straight line corresponds, therefore, to formulas 
(13) and (14) derived from the theory already outlined. The 
agreement of the observation points with the theoretical straight 
line is seen to be satisfactory. 

Table III contains all the final temperature elevations 
computed from the measurements made on the samples of wire 
scheduled in Table I, and also contains the corresponding 
thermal resistances in one lincar centimetre. The final tem“ 
perature elevations are all plotted in Fig. 4 as ordinates, against 
currents as abscissas, to logarithmic scales, the straight lines 
being drawn parallel to each other according to formulas (13). 


TABLE III 
TEMPERATURE ELEVATIONS OF DIFFERENT SizES OF RUBBER-COVERED WIRES IN WATER 
1 I] III IV V 

& | No. 16 Braided | No. 14 Braided No. 14 Un- No. 12 Braided | No 10 Braided 
£ t= 5° 125.50 braided 1559 1— 4.50 t= 4.50 

m 0 R 0 a 0 R 6 R 0 R 

5 | Temp.|Thermal |Temp. Thermal |Temp.|Thermal |Temp.|Thermal |Temp.|Thermal 
O Elev. Res. Elev. Res. Elev. Res. Elev. Res. Elev. Res. 
3a0| 7.54 63.15 

35| 10.58 64.31 

40| 13.86 63.69 | 7.4 

45| 17.94 | 64.09. NES i 

50| 22.61 64.27 |10.91 52.88 | 8.8 42.93 | 

60 16.22 3.47 |13.3 44.31 111.16 59.45 

7 ooo 22.46 | 53.12 186 | 44.56 |15.43 | 59.37 | 7.16 | 45.8 
ҳо 30.32 53.17 |25.86 46.15 

85 23.77 60.11 {11.11 47.46 
i|. |. | |  - 35.16 | 61.59 [15.26] 46.32 
115 20.86 46.87 
125 25.13 47.03 
Means 63.90 53.21 44.50 60.13 46.70 
and (14). With the exception of one doubtful observation on 


the No. 14 braided wire, all the points are in satisfactory 
conformity with these parallel straight lines, thus confirming 
the theory already outlined, as expressed in formulas (11), (12), 
(13) and (14). | 

А comparison of Columns II and III in Table III, or of the 
corresponding lines in Fig. 4, shows that the addition of a 
coating of cotton braid about 0.4 mm. (1/64 inch) increased the 
temperature of the No. 14 wire about 2? C. with. 50 amperes, 
and about 4.5? C. with NO amperes, the wire being immersed 
in water in each case. The braid also added 8.7 thermal-ohm- 
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cm. (3.76 thermal-ohm-inches) to the linear thermal resistance 
of the covering of this particular wire. 

Taking the internal and external diameter of the braiding 
of No. 14 wire from Table I as 0.3987 cm. (0.157 in.) and 0.482 cm. 
(0.190 in.) respectively, we obtain by formula (4) the thermal 
resistivity о = 287.1 thermal-ohm-cm., when soaked in water 
at 5? C. 

" With this thermal resistivity for the soaked braid, the thermal 
resistivity of the rubber covering on the wires was deduced, as 
in the following table: 


TABLE IV. 
THERMAL RESISTANCES AND RERISTIVITIES OF WIRE COVERINGS 


Thermal Resistance of Wire 


Size А li М Thermal resistivity 
Wire in a linear centimetre 
A. W.G. rubber + braid braid rubber braid rubber 
ohms-cm ohms-cm ohms-cm. ohms-cm. ohms-cm 
10 46.7 10.47 36.23 287.1 343.5 
12 60.13 12.82 47.31 s 394.4 
14 53.21 8.71 44.50 " 311.6 
16 63.90 12.51 51.39 К 401.5 
Меап 387.8 


The mean resistivity of the “ rubber ” covering of these wires 
was therefore 387.8 thermal-ohm-cm.; but since this material 
in code rubber-covered wires is largely composed of filling 
material other than rubber, different compositions are likely 
to vary considerably in thermal resistivity. 

The thermal resistance R in a linear centimetre of any size 
of such braided and rubber-covered wire is readily determinable 
from the dimensions of the wire and the above mean thermal 
resistivities, by the aid of formula (4) and the probable tem- 
perature elevation for a given current strength then follows 
from formula (8). If the wire is buried in the ground, the ad- 
ditional thermal resistance of the ground must be added, taking 
into account the heat that may be liberated by any active wires 
buried in the same trench or conduit. 

Heating of Code Rubber-Covered. Wires in Wooden Moulding. 
When rubber-covered wires are laid in wooden moulding, the 
heat generated by continuous currents in the wire has to pass 
in succession through the rubber, dry braiding, air-space, wooden 
moulding, and finally through wall, ceiling or air. Owing to 
the complex geometrical relations of these successive thermal 
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resistances, they are not easy to compute, even when the ther- 
mal resistivities of the respective substances are correctly stated. 
The best plan is, therefore, to measure the thermal resistance 
of the series combination under different conditions such as 
occur in practice, and then to tabulate the safe carrying capacity 
of such wires from the measurements directly, as in the report 
of 1889, above referred to. 

The moulding used in the tests here reported was of pine 
wood, of the cross-section shown in Fig. 5. Its length was 3.86 
metres (12.67 feet) and its weight was 720 gm. per metre 
(0.48 Ib. per foot). It was lightly nailed down flat upon the 
wooden floor of the testing room. The wire to be tested was 
laid in a loop along the moulding so as to occupy the two out- 
side grooves, as indicated in the figure, leaving the middle 
groove vacant. Pressure wires were connected to the test wire 


сз RF 


Fic. 5—Cross-section of wooden moulding 


at points about 5 metres apart. The temperature elevation 
became substantially constant thirty minutes after the applica 
tion of each testing current strength. The initial temperature 
t° C. varied from 19.0? C. to 21.0? C. in the different series of 
tests. The results of the measurements are recorded in Table V 
in terms of the final temperature elevation and of the linear 
thermal resistance for each size of wire. 

It is to be observed that the temperature elevations of these 
wires, whose dimensions were substantially the same as those 
appearing in Table I for the lengths tested in water, are niore 
than ten times greater than those for the corresponding steady 
current strengths in Table III. 

The linear thermal resistance of the rubber, as above deduced, 
is deducted in Table V from the mean linear thermal resistance 
of each moulded wire. The balance is the inferred linear 
thermal resistance in series of dry braid, air, wood and external 


~ 
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air. This extra linear thermal resistance steadily diminished 
from 466.6 thermal-ohms in one linear centimetre (183.5 thermal- 
ohm-inches) with No. 16 wire, to 343.9 thermal-ohm-cm. (135.3 
thermal-ohm-inches) with No. 8 wire. This reduction in linear 
thermal resistance may be accounted for by the reduction in 
the thickness of the air-space between braid and wooden- 
moulding walls, as the size of the wire was increased. With 
these particular sizes of wire, composition of '' rubber,” size and 
quality of moulding, the linear thermal resistance of the entire 
series was about ten times as great as that of the rubber alone, and 


TABLE V 
TEMPERATURE ELEVATIONS AND THERMAL RESISTANCES OF WIRES IN MOULDING 


No. 16 A. W. С. |No. 14 A. W. GINo. 12 A. W. GJNo. 10 A. W. G| No. 8 A. W.G. 
121.19 C. 119.19 C. {= 19.99 C. 12199 C. t=19° C. 
0 R 6 R 0 Я 0 QR 8 R 
Temp.| Thermal|Temp.| Thermal|Temp.| Thermal|Temp.| Thermal|Temp.| Thermal 
Elev. Res. Elev. Res. Elev. Res. Elev. Res. Elev Res. 


20 17.6 479.9 
30| 83.3 523.3 | 47.3 517.6 | 23.7 455.1 | 14.2 461.3 


——— — —[L—————. J —————————— —— | | | | —————— 41—— 


45 31.6 434.0 | 16.9 381.5 
50 162.1 463.5 | 85.1 482.6 
e) | |] ]|] 1d 1|  F[e.o|ams| 
65 41.2 409 
75 106.4 417.9 
85 || р | id | - | i72.5| 38. 
100 105.2 363.2 
Mean 518 490 481.7 435 385 
Rubber 
51.4 44.5 47.3 36.2 41.1 
Braid, Air & 
Wood 466 .6 445.5 434.4 398.8 343.9 


consequently for a given linear thermal current /,or linear ЁК 
heat loss in the wire, the JR drop, or temperature elevation б, 
would be correspondingly increased about ten times. But at 
the higher temperature thus attained, the linear copper resist- 
ance R would be greater for a given electric current strength; 
so that in relation to electric current, the temperature elevation 
would be increased more than ten times by taking the wires 
out of the water and placing them dry in this wooden moulding. 

The observed temperature elevations below 110° C. in Table V 
are plotted on logarithm paper in Fig. 6. The parallel straight 
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lines there shown, fairly connecting the various series of observa- 
tion points, are drawn to make an angle of 66? 25' or the anti- 
tangent of 2.29. It has been pointed out that over a range 
of 100° C. the temperature elevation 0, above t = 18? C., in- 
creases theoretically as /?*?9; whereas over a range of 50° C., 
as in Fig. 4, the temperature elevation 0 increases as /??. While 
the agreement between theory and observation is not so good 
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Fic. 6—Final temperature elevations of wires in moulding 


in Fig. 6, as in Fig. 4, yet it may be regarded as practically 
satisfactory. By comparing Figs. 4 and 6, it is evident that 
these braided wires would carry with a given final temperature 
elevation some three times more current in water than in this 
moulding. With the braiding removed, they would carry in 
water nearly 3.3 times more current than when braided and 
in this dry wooden moulding, with the same temperature ele- 
vation. In all cases of wires cooled entirely by thermal con- 
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duction, the electric current strength. 7 amperes which will 
produce a given final temperature elevation 0, above a given 
initial temperature /? C., must by formulas (11) and (12), vary 
as l4/ k, or inversely as the square root of the linear thermal 
resistance, assuming that the thermal resistivities in the series 
are substantially constant throughout their working range of 
temperature. Thus in Table V, the mean linear thermal re- 
sistance Ё of the rubber covering alone is shown to be 47.3 
thermal-ohm-cms. (18.7 thermal-ohm-inches) for No. 12 wire, 
which would be the total linear thermal resistance of this size 
of wire in running water, unbraided. But in moulding, the 
mean linear thermal resistance of this braided wire increased to 
481.7 thermal-ohm-cm. (190 thermal-ohm-inches). The ratio 
of increase in linear thermal resistance in the two cases would 


8l. : 
be p — 10.2 and the steady electric current strength which 


Fic. 7—Longitudinal section of water-jacketed pipe con- 
taining a test wire packed in sand, soil, or gravel 


the wire could carry with an assigned temperature elevation 
0° C., would be changed in the proportion — -~-= m 

vV 10.2 3.2 
times; f.e., 3.2 times more current in the water than in the 
moulding. 

Measurements with Bare Wires Surrounded by Sand, Soil or 
Gravel. The heating of underground wires and cables depends, 
as is already known, upon the depth below the surface at which 
the wires are laid, and upon the thermal resistivity of the soil; 
as well as upon the dimensions of the wires and the currents 
they carrv.? The measurement of the thermal resistivity of 

“ The Carrying Capacity of Electric Cables, Submerged, Buried or 
Suspended in Air," by A. E. Kennelly. Minutes of the Ninth Annual 
Meeting, Association of Edison Illuminating Companies, 1893, p. 79. 
“ Die Berechnung Elektrischer Leitungsnetze," Herzog-Feldmann, Vol. 
II, p. 130. 
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the soil presents some difficulty. A series of observations was 
made on the thermal resistivity of several varieties of sand, 
gravel and plaster of Paris. 

For the above purpose an iron pipe A B, Fig. 7, 277.2 cm. 
(9.1 ft.) long and 8.92 cm. (3.51n.) in external diameter, was pro- 
vided with a water-jacket external cast-iron pipe C D E, 210 
cm. (6.89 ft.) long, and 15.24 cm. (6 in.) inside diameter, as indi- 
cated in Fig. 8. А steady stream of tap water was allowed to 
flow through the water-jacket during each test, the water enter- 
ing at the inlet 7 and issuing at the outlet O. The internal 
diameter of the pipe 4 B was measured both by calipers, and 
by finding the mass of water held bv the pipe between the 
wooden end-plugs P P. This mean internal diameter was 
7.77 cm. (3.06 in.). 


Fic. 8— Enlarged cross-section of water-jacketed pipe through DD’ Fig.7. 


The copper wire W W under test was held at or near the 
axis of the tube, and smaller pressure wires р p were soldered 
to it at points 2 metres apart (78.74 in.). The mean diameter 
of the wire was 0.3256 cm. (0.1282 in. ог No. 8 A.W.G.). Other 
sizes of wire were also used. 

The first substance tested was a yellow sand, of moderately 
fine grain, obtained from a pit in a field near the Pierce Hall 
laboratory and may be taken as a fair sample of sandy soil. 
This sand was carefully dried and packed, while still warm, into 
the pipe А B, Fig. 7, around the bare wire W W. A steady 
current of water was then allowed to flow through the water- 
jacket for some hours, so as to bring the temperature of the ap- 
paratus substantially to 16? C., the temperature of the tap 
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water. A strong current was then passed through the wire 
W W with the connections of Fig. 1, and steadily maintained 
until the resistance of this wire, between pressure taps, showed 
that the final temperature had been very nearly attained. 
Observations of resistance were obtained at frequent intervals. 
Table VI gives a particular series of observations obtained with 
a current of 128.2 amperes kept steadily flowing through the 
test-wire, the initial resistance balance being secured with 15 
amperes. Column I gives the clock time of each observation, 


TABLE VI. 
OBSERVATIONS WITH 128.2 AMPERES PASSING THROUGH COPPER WIRE ОР Diam. 3.26 MM., 
IN Dry SAND, WATER-JACKET MAINTAINED AT 16° C. 


I II III IV V VI VII VIII IX 
Time Resistance Res. of Temp. 
from Res. ғ |added test wire |Temp. of| rise of 

Time start to Cside | D side Int. test wire| test wire 
h. m. 5. | seconds | B. A. О. В.А. U.[ B. A.U.| microhms | #+6° C.| 60°С, 
11 30 00 0 30 [апа D 850 4141 0.9 
30 15 15 0 — ш 4271 А 8. 
31 оо 60 50 [wireC 900 4522 39.4 23.4 
31 15 75 70 e 920 4623 45.6 29.6 

31 55 115 90 & 040 4723 51.7 35.7 

34 15 255 130 га 980 4924 64.1 48.1 

35 35 335 144 А 994 4995 68.4 52.4 

37 00 420 153 х 1003 5040 71.2 55.2 

38 40 520 160 “ 1010 5076 73.4 57.4 

43 00 780 174 s 1024 5146 77.7 61.7 

46 00 960 183 “ 1033 5191 80.4 64.4 

51 40| 1360 192 а 1042 5236 83.2 67.2 

54 00| 1440 195 m 1045 5251 84.1 68.1 

12 01 30| 1890 204 3 1054 5296 86.9 10.9 

5 30| 2130 207 ® 1057 5312 87.9 71.9 

12 12| 2532 210 » 1060 5327 88.8 72.8 

22 30| 3150 213 “ 1063 5336 89.4 73.4 

27 00| 3420 215 » 1065 5351 90.3 74.3 

36 001 3960 218 T 1068 5366 91.2 75.2 

46 0O00| 4560 220 Ж 1070 5377 91.8 75.8 

13 27 00| 7020 229 “ 1079 5422 94.6 78.6 
36 00] 7560 229 Д 1079 5422 94.6 78.6 
50 00| 8400 229 Е 1079 5422 94.6 78.6 


column II the elapsed time from the closing of the circuit, 
column III the balancing resistance r, Fig. 1, column IV the 
side to which that resistance was added, columns V and VI 
show the respective resistances of the two galvanometer circuits, 
column VII gives the resistance of the 2 metres of test wire. 
column VIII gives the inferred temperature of the test wire, 
and the last column, the inferred rise of temperature. 

The resistance of the standard German-silver grid D, Fig. 1, 
jn the above series of measurements was 4,799 int. microhms. 
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Fig. 9 shows at A the graph of the observations in the above 
table. The curves B, C and D are the corresponding graphs 
of similar series of measurements with 100, 77.2 and 50 amperes 
respectively. These four curves show the rise of temperature 
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in the wire during the first 7,000 seconds of steady electric 
current flow. About half of the final temperature elevation was 
reached by the wire in 150 seconds. The initial rate of tem- 
perature elevation with 128.2 amperes was about 0.5? C. per 


Fic. 9—Heating of wire in sand and pipe. 
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second. After 100 seconds this rate fell to 0.1? C. per second 
and after 1000 seconds to 0.01? C. per second. 

In Fig. 10, the curves indicate the temperature elevation of 
another copper wire No. 10 A. W. б. (diam. 0.256 cm. or 0.1008 in.) 


pper 
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TIME SECONDS 
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2000 


Fic. 10— Heating and cooling curves, of No. 10 A.W G. bare со 
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in relation to time, after applying a steady current of 90 amperes, 
and also after interrupting the current. In the practically 
steady state, with a temperature of 6? C. in the water circulating 
through the water-jacket, and a temperature in the wire of 78.1° 
C. or 72.1? C. temperature elevation, the linear thermal current 


wire in dry white sand. 90 amperes 4 
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was 0.3354 watts per cm. (0.852 watts per inch) and the linear 
thermal resistance 215 thermal-ohm-cm. (84.6 thermal-ohm- 
inches). By the use of formula (4), taking d — 0.256 cm. and 
D = 7.74 cm., the thermal resistivity of the sand was 395.9 
thermal-ohm-cm. 

The curves of heating and cooling for a No. 17 A. W.G. copper 
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Fic.11 —Curves showing the heating and cooling of No. 17 A.W.G. wire 
double-cotton covered and bare in fine quartz sand. 


wire of diameter 0.1132 cm. (0.0445 in.) double-cotton-covered to 
0.1346 cm. (0.053 in.) are given in Fig. 11. The heating current 
in each case was held at 32 amperes. The upper curve shows 
the rise of temperature elevation with the wire when cotton- 
covered and packed in fine dry white quartz sand. The lower 
"urve gives the corresponding temperature elevation rise after 
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the cotton covering had been removed from the wire, and the 
same replaced in the pipe with the same quartz packing. The 
descending curve gives the cooling in the latter condition. 
It will be observed that both in this figure and in Fig. 10, the 
cooling occurs more rapidly than the heating. That is, the 
cooling falls to 1? C. remaining temperature elevation in about 
half the time that the heating process requires to attain within 
]? C. of the final temperature elevation. 

The thermal resistivity of the dry cotton covering on the wire 
appears to have been 2373 thermal-ohm-cm., the highest re- 
sistivity of any of the substances tested. 

The following table gives a collection of all the measurements 
of thermal resistivity made with the water-jacketed pipe. 

Column I in the above table describes the material employed 
in packing the pipe; or the nature of the thermal insulator 
tested. The size of the square aperture in a wire screen sieve 
through which the bulk of the material would pass is also given. 
Column II states the condition of the material as to dryness. 
The additions of liquid referred to are in percentages of volume. 
Column V gives the strength of the continuous current used 
in each test, and column VI, the temperature elevation 0°C., 
thereby finally produced, ‘with water usually at or near 5? C. 
circulating in the cooling jacket. The diameter of the bare 
copper wire used is given in column VII. 

Column VIII shows the computed thermal resistivity o, of 
the material, as deduced from the temperature elevation 0, 
and the linear thermal current in watts per cm. Column IX 
gives the thermal resistivity ос’, as deduced from the linear 
thermal current when expressed in lesser calories, or water 
gram-deg. cent. per linear cm. The thermal resistivity of a 
substance expressed in calorie measure is 4.186 times ‘greater 
than when expressed in watt measure, 1 gram-calorie per second 
being taken as 4.186 watts. Column X contains the thermal con- 
ductivity of the substances in watt measure, or the reciprocal 
of a in column VIII. Column XI contains the thermal conduc- 
tivity of the substances in calorie measure; or the reciprocal 
of a’ in column IX. 

It will be observed that the thermal resistivity varied be- 
tween 161.4 thermal-ohm-cm. for quartz sand with 20% water 
and 761.7 thermal-ohm-cm. for dry powdered plaster of Paris. 
The dry cotton covering of the wire whose heating is shown 
in Fig. 11, had, however, a resistivity of 2373 thermal-ohm-cm., 
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which corresponds to a thermal conductivity of 4.214x10-‘ ther- 
mal mhos-per-cm. in watt measure, or 1.007x10'* thermal- 
mhos-per-cm. in gram-calorie measure. This agrees with the 
value for cotton wool given by Peclet.® 

Fig. 12 shows the relation of the observations with the tem- 
perature elevation of wires in the water-Jacketed pipe to the 
steady current strength when plotted on logarithm paper. 
The parallel straight lines are drawn to make an angle of 66° 30’ 
or the anti-tangent of 2.3, to cover a range of 100? C. tem- 
perature elevation from an initial temperature of 6? C., in ac- 
cordance with formula (13) adapted to 100° C. instead of 50? C. 
The agreement between the observation points and these straight 
lines of average exponent 2.3 1s fairly satisfactory from an en- 
gineering standpoint. 

The following conclusions may be drawn from the observa- 
tions here repoited: | 

(1) The fundamental formula for the direct-current final 
heating of a wire that cools by conduction 15 (12) 


0 — К 12 

liad B 
where A is a constant for the wire determined by the total 
linear thermal resistance. This formula applies to concealed 
wires, 1.е., to insulated wires in water, in the ground, or in wooden 
moulding. 

(2) The thermal resistivities of the various substances tested 
with different temperature elevations, including rubber com- 
position, braiding, moulding, and various soils, may, for prac- 
tical purposes, be regarded as constant, t.e., not appreciably 
affected by temperatures up to 100? C. 

(3) Wet braiding on a No. 14 rubber-covered wire added a 
linear thermal resistance of 8.7 thermal-ohm-cm. (2.46 thermal- 
ohm-inches) and raised the final temperature of the wire im- 
riersed in water by about 2? C. with 50 amperes. 

(4) The linear thermal resistance of the rubber-covered wires 
in dry wooden moulding was about 10 times greater than when 
immersed in water, thus increasing their temperature eleva- 
tions more than 10 times with a given current, or reducing 
their current-carrying capacity more than 3 times for a given 
temperature elevation. 


9. "С. С. S. System of Units," by Everett—Heat Conduction of 
Woolly Substances, p. 128. London, 1891. 
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Fic. 12—Final temperature elevations of bare wires in water-jacketed 
pipe, with different packings. 
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(5) When plotted on logarithm paper, the final temperature 
elevation of a wire in relation to steady current strength is 
nearly a straight line of inclination {ап 2.2 (Fig. 4) for tem- 
perature elevations not exceeding 50? C., and not far from a 
straight line of inclination tan~ 2.3 for temperature elevations 
not exceeding 100? C. (Figs. 6 and 12). 

(6) A No. 12 A.W.G. copper wire, rubber-covered and im- 
mersed in water substantially attained its final temperature 
elevation in 300 seconds, or 5 minutes, after applying a steady 
current. The same wire in dry wooden moulding took 1800 
seconds, or 30 minutes, and the same wire bared, but packed in 
sand, within a water-jacketed pipe of 7.77 cm. (3.06 in.) internal 
diameter, took about 7800 seconds, or 130 minutes, to reach a 
similar approximation to final temperature elevation. 

(7) The wires in the water-jacketed pipe cooled more quickly 
than they heated. 

(S) Changing the size of the wire in the water-jacketed pipe 
from No. 8 (0.326 cm.) to No. 12 (0.205 ст.) did not appre- 
ciably affect the thermal resistivity of sandy soil as measured 
with these wires (351 thermal-ohm-cm.) Similarly, changing 
the size from No. 10 (0.256 cm.) to No. 17 (0.113 cm.) did not 
appreciably affect the thermal resistivity of dry quartz sand as 
measured by those wires (400 thermal-ohm-cm.). 

(9 The thermal resistivity of the sandy soils tested was 
greatest when those soils were dry and diminished with the 
addition of water or oil to them. 

(10) The thermal resistivity of a sample of crushed quartz 
was greater with the material in a coarse condition. Crushing 
the particles of quartz to about half their previous linear dimen- 
sions reduced the thermal resistivity of the material about 10%. 

(11) The lowest thermal resistivity observed was that of quartz 
sand with 20% of water added by volume— 161.4 thermal- 
ohm-cms. The highest was that of the white dry double cotton 
covering of a wire—2373 thermal-ohm-cm., both in watt 
measure. 
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INTERACTION OF SYNCHRONOUS MACHINES 


A GRAPHICAL SOLUTION By MEANS OF A NEw CIRCLE DIAGRAM 


BY MORGAN BROOKS 


When two synchronous machines are in operation as gen- 
erator and motor, the amount of power demanded of the motor 
causes it to assume a definite phase relation to the generator, 
somewhat dependent also upon their relative excitation and 
upon the impedance of the circuit including the two machines. 
When such machines are operating in parallel there is theoret- 
ically no power to be transferred, but this ideal condition can 
only exist when the excitation and phase relation of the ma- 
chines are identical; if these differ, even by a small amount, 
transfer of power must take place between generator and 
motor. The power required by the motor causes a certain vector 
difference; conversely, the presence of a vector difference points 
to a definite transfer of power from one machine to the other. 

The object of this paper is to present a new circle diagram 
showing the physical relation of the quantities and conditions 
involved, to derive and interpret the fundamental equations, 
and to develop simple loci for solving graphically or numerically 
the problems of synchronous operation. While based upon 
strict mathematical analysis, it is hoped that the simplified 
diagram here shown will be found so direct and rational as to 
make the analytical method more easily understood and gen- 
erally serviceable. 

The elementary theory of synchronous alternating machines 
assumes that successive instantaneous values of electromotive 
force and current follow one another in a manner strictly har- 
monic. Oscillograph records from normal alternators so closely 
approximate sine-wave forms as to justify the theory. Irregu- 

823 
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larities, if considerable, indicate an unsatisfactory machine, 
one not amenable to simple calculations; but if slight they may 
usually be neglected, or the irregular wave be replaced for the 
purposes of calculation, where circuits have small reactance, 
by what is known as its “ equivalent sine wave," having the 
same effective value. 

A true sine wave is determined by the projection upon a 
fixed axis, usually vertical, of a uniformly rotating vector, 
whose length gives the value and whose period is the frequency 
of the harmonic quantity represented. Such a rotating vector 
could not be seen by the eye, and in order to make use of it 
an imaginary snap-shot is taken of it, giving the position of the 
vector at a certain instant. А picture or diagram of this sort 
showing the relation of two or more machines as they exist at 
a given instant, illustrates the interaction of synchronous ma- 
chines, and may even allow us to make satisfactory calcula- 
tions as to operating conditions. 

In Fig. 1 let the line O-A, or briefly A, represent the electro 
motive force (preferably the measured or effective rather than 
the maximum value) of a single-phase alternator, and let O-B 
or briefly B, represent the value and relative position of the 
electromotive forcé of another alternator. If the machines so 
represented are running separatelv, their vectors may assume 
any angular relation and need not be of the same length, since 
the machines may not be equally excited or driven at pre- 
cisely the same speed. Such a diagram would be understood 
to mean merely that the machines are adapted to operate to- 
gether, and are running at approximately the same speed and 
excitation. For convenience, our snap-shot will alwavs be 
taken when machine vector A is vertical, so that the relative 
difference of vector position is confined to B. If the two ma- 
chines represented in Fig. 1 are about to be connected in parallel, 
it is understood that the vectors should be found nearly coin- 
cident before the paralleling switch is closed, after which the 
machines should continue to run with vectors coincident, or 
nearly so. If hunting should exist, its vector representation 
would be in the oscillating position of the two vectors, now 
one ahead slightly, now the other, their possible separation in- 
dicating the greatest amplitude of the hunting action. The 
position of B with reference to A in Fig. 1 might represent 
either an extreme position of hunting, or a limiting position 
for switching into parallel. If two machines, equally excited, 
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were thrown into parallel when their vectors were coincident, 
connection being understood both at O and at A-B, no current 
would flow in the local circuit; but if the machine vectors were 
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a little out of exact coincidence, as A and B in Fig. 1, then a 
current would flow between the machines, owing to the vector- 
difference voltage, A-B, existing in the local circuit, since it is pos- 


Fic. 2—Circle diagram 


Fic. 1—Vector diagram 
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sible to take A-B to represent the vector difference of the voltage 
O-A of machine A, and voltage O-B of machine B. A-B rep- 
resents the only electromotive force acting and we may use E 
in place of A-B. The current, J, that E will drive through the 
circuit, depends upon the impedance, Z, of the local circuit, 
which includes both machines as well as the line connecting 
them. Since the impedance of a synchronous machine is of 
such a value as to allow full-load current to flow on applying 
about one-third normal voltage, when two machines are coupled 
directly together in one circuit about two-thirds of the normal 
voltage of one machine is required to produce full-load current. 
When E, or A-B, is equal to two-thirds of O-A, which occurs when 
angle A-O-B = 39°, approximately full-load current will flow. 
This “ circulating current " acts to diminish the angle between 
the vectors; that is, to bring the machines more nearly into 
phase, and normally the two machines operating in parallel 
wil be maintained closely in phase, since much less than full- 
load current is required to compel proper phase relation. It is 
to be noted, however, that there 1s no compelling action whatever 
when phase coincidence exists with equal excitation. The 
current prevents a separation but does not hold the machines 
firmly together as often supposed. 

Assuming counter-clockwise or trigonometrical rotation of 
our machine vectors, A and B, the machine whose position is 
in advance; that is, A in Fig. 1, 1s a generator, and is retarded 
by reason of giving out power; while the machine whose position 
is behind; that 1s, B in Fig. 1, 1s a motor, and is accelerated bv 
the power received. The tendency is to bring the machines 
into step. If the action should be strong enough to drive B 
ahead of A, the circulation of current is reversed; B would be 
retarded by becoming a generator, while À would be accelerated 
as a motor. It is easy to see that hunting might occur from 
excessive action and reaction. Synchronous machines oper- 
ating in parallel are then held together by a sort of elastic 
band, not under tension when the machines are in step, but 
preventing them from pulling far out of step by a rapidly in- 
creasing force, a force that may prove unnecessarily strong, 
causing a hunting action. 

The value of the synchronizing force under working conditions 
may be calculated, as will be shown. When two machines are 
operating together under light load, if one loses its driving 
power it will fall behind its normal parallel vector position only 
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just far enough to enable it to receive current to maintain it 
in step. No noticeable change in running occurs. It is often 
supposed that when a generator becomes a motor it falls behind 
180 electrical degrees, while in fact it falls behind a very small 
angle, perhaps 10°. When two machines are transmitting power 
in the relation of generator and motor, the current flowing 
between the machines is no longer called circulating current. 
The motor takes a vector position sufficiently behind the gen- 
erator to produce the vector difference, E, required to drive 
the current corresponding to the power demanded of the motor. 
In parallel operation the machines are usually contiguous, and 
the current which may “circulate " has in general only the im- 
pedance of the machines to limit it; while in generator-motor 
operation a transmission line with transformers and potential 
regulators is commonly included, producing a condition as to 
impedance quite different from parallel connection. 

A number of synchronous machines may be operated together, 
some as generators and some as motors, and the machines may 
vary greatly in size. To simplify the problem two identical 
single-phase machines, А acting as generator and B acting as 
motor, will be considered as connected in a single circuit, so 
that any current generated in A must pass through the arma- 
ture of B. The problem commonly provides that the terminal 
potential of the generator shall be maintained constant, while 
the excitation of the motor shall be under control. Constant 
frequency or speed is assumed. The line is assumed to have 
its resistance, r, and its reactance, x, [-2z/L neglecting 
capacity effects] constant, and the motor resistance and reactance 
are also assumed as constant. То include the capacity reactance 
of a transmission line would change the assumption that all 
the current generated must pass through the motor, since the 
capacity of the line acts as an alternative path. The capacity 
or line-charging current being nearly wattless, the power deter- 
minations of the problem are not greatlv affected by their 
omission under load conditions of operation. A correction may 
be made to obtain the total current required of the generator. 
The assumption of constant impedance for the synchronous 
motor, while not precisely true, is akin to the assumption of 
constant friction loss in engine operation. Except for ab- 
normal conditions, it is believed that no great error is thus intro- 
duced. This gives the ratio of R to Z [R/Z =cos 6], or the 
power-factor of the circuit as a known constant, and enables a 
simple diagram to be plotted. 
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The regular equations of synchronous operation will now be 
developed by means of Fig. 2, which differs from Fig. 1 only in 
the drawing of a circle, whose diameter is A/cos 0, so centered 
as to make А a chord, in the extension of vectors A and ЕЁ, to 
intersect the reference circle at F and G,and in projection of 
the electromotive force vectors, А, B and E, upon the circle's 
diameter, A D, and upon the chord F D, the utility of which 
projections will presently appear. 


NOTATION 


A, short for O А, a vector representing generator terminal 
voltage, assumed to be kept constant. Vertical position chosen 
for convenience. 

B, short for O B, a vector representing the induced motor 
voltage, variable both as to length and direction. Position 
shown in Fig. 2 indicates any position whatever in its relation 
to А. | 

E, or А B, a vector representing the vector difference of А 
and B, or the net voltage acting in the circuit which includes 
the motor. | 

I, the current produced by E. I — E[Z. 

KR, the resistance of the motor and circuit. 

Х,[ =22f L] the reactance of the motor and circuit. 

Z —A/R?4 X? [К+] X], the impedance of the motor and 
circuit, 

0, the angle between Æ and J. It is a constant determined 
by the condition. 

cos 6 = R/Z, the power-factor of the circuit, often confused 
with cos a, below. . 

0 appears in Fig. 2 as the angle made by the lines A C and 
OC with vector A; the reference circle is determined bv 
having their intersection C as its center. 

ф, the angle between A and B, a variable, assumed positive 
when B lags behind A as shown, the usual condition of opera- 
tion, when B 15 a motor. ` 

0 + Фф, the angle between В and AC, since @ is the angle 
between AC and А, and ф that between A and B. 

0- ġ, the angle between A and the chord F D, which lags 
behind AC D by the angle ф. 

a, the angle between А and /, a variable, considered positive 
when J lags behind A due to B being under-excited. 

cos d, the generator power-factor, sometimes confused with 
ccs 0 above. 
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a, appears on the reference diagram as the angle B A C, or 
the angle between AC and E. A lags 0? behind A C by con- 
- struction, 7 lags 0? behind E by definition, hence it is seen 
that angle В А С is also angle of J to A. Normal excitation 
reduces this angle to O, and cosa = 1. 

а — ф, the angle between B and J, since B lags ¢° behind А, 
This angle is usually negative, as a is normally small; that is, 
I usually leads B. 

а — ф appears on the reference diagram as A M F, or angle 
between E and chord F D. 

cos (a - ф) = cos ($ — a) might be called the motor power- 
factor. | 

These angles are conveniently measured by half the inter- 
cepted arcs, as indicated in the diagram, Fig. 2. 


P’, the power output of the generator = А I cos a. 
P". the power intake of the motor = В I cos (a ~ $4). 
The diagrams are calculated for values as follows: 


A 1000 volts, and 
R ] ohm. 


Where 0 = 45°, X = 1 ohm also, and Z = 1.41 ohm. 
“(0 = 60°, X = 1.73 ohm, and Z = 2 ohms. 
“ 0 = 75°, X = 3.73 ohms, and Z = 3.86 ohms. 


| 


With the above the power figures in Figs. 4b and 6 are іп 
kilowatts. 

From the projections of A, B and E on diameter A D, Fig. 2. 
it is evident that A /— H J = А Н, oras 


А cos 0 — B cos (0+ф) = E cosa (1) 


Multiplying by 4/4, 


А? oe 0 — oo EER = А 3 cosa = А Ісоѕа =P’ (2) 


the generator output. 
From the projections of А. B and E upon the chord F D, it 
is evident that 


FL-KL=F kK, ог 
A cos (0— ф) — B cos 0 = E cos (a — o). (3) 
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Multiplying by B/Z, 


— OPEN 2 
А В соѕ (0 eos! L BE cos (аф) 
= B I cos (a — ġ) = Р" (4) 


the motor intake. 

The difference between generator output and motor intake 
is lost in heat, as with direct-current machines; this is 
shown in equations 2 and 4: 


A? cos 0+ В? cos 0 — 2 А B cos д cos o 


‚_ р” — 
P'—P 7 


— [44B 2 А В cos ф] = p = КГ (5) 


Equations 2, 4 and 5above, are the well-known fundamental 
equations of synchronous machine operation, and while derived 
from the relation of two machines operating as generator and 
motor, they apply to two machines in parallel operation, pro- 
vided the current be now understood as circulating current only.* 


Power Output. 


1. Interpretation of equation 2 above. 


Р' = А = cosa 
or, Z 
E cosa - 4, 


a constant for any given value of generator output, P'. Hence 
for constant P’, E cos a, the projection of Е on diameter A J), is 
constant or the locus of B lies in a line perpendicular to 4 D, 
such as N Q, Fig. 3. The equation is the regular polar equation 
of a straight line. The power output of generator P’ is directly 
proportional to the length of the projection on А C, and hence 
measured thereby. Parallel lines drawn at equal distances 


*Compare Franklin & Williamson, Alternating Currents, page 189. 
Second Edition. 
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apart, serve as a chart for reading the value of P' when position 
of B is known. 

With P’ =O, the locus becomes the tangent to the refer- 
ence circle at A. For positive values of Р”; that is, generator 
action, the parallels are to the right of this tangent; for nega- 
tive values of P"; that 1s, for motor action, reversing the ordi- 
nary conditions of the problem, parallels may be drawn to the 
left of the tangent, shown in dotted lines in Fig. 3. For such 
positions of B making А a motor, it is evident that machine B 
must become the generator, as will be demonstrated under 2. 
Mathematically there is no limit to the possible values of P’, 
either positive or negative. Operating values are limited by 
the possible excitation of B, and normal operating values of P’ 
would not ordinarily exceed. corresponding. values of P^", the 
motor intake, by more than 2565, the condition for 80% efficiency. 
Excessive values of P' will exist momentarily in synchronizing 
two machines if the switch be closed at an unfavorable vector 
position. 


Power Intake. 
2. Interpretation of equation 4. 
_ АВ соз 0 = ф) - B'cos 0 


» 
di Z 


Transposing, 
СА 


cos 0 


5 do Е 


a constant for given intake, P". "This equation is the polar 
equation of a circle, as may readily be seen from Fig. 2 as fol- 
lows: 


Substituting for A/cos 0 its value, 2 (O C), adding (OC)? 
to both members, and writing (O B) for B, 


DU 


(О С) + (0 B) — 2 (OC) (О B) cos (0— p) = (OC) — 


cos 0 


The first member evidently gives the remaining side of the 
triangle O C B, and we have 


PZ и 7 
(CBP = (00K 4 ог (СВ) = q loc- E o 


2$ 
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The second member is constant for constant load on motor, 
hence for such load the locus of B lies in a circle centered at С, 
and of radius determined by the radical. 


For P" = О, this reduces to (OC), meaning that B lies in 
the circumference of the reference circle, which has C for its 
center, and O C for radius, when the intake of the motor is zero. 


Fic. 4e-—Same for 0 = 76? 


Same for /) = 009. 


Pic. 4b 


Fic. 4c -Locus of B for constant motor intake. 


1907] BROOKS: SYNCHRONOUS MACHINES 833 


This is evident since J lags 90° behind B for any point in the 
circumference. There may be a large current, and the R F losses 
are supplied by the generated power Р”. 

Negative values of P”, meaning that machine B has its func- 
tion reversed and acts as a generator, bring B necessarily out- 
side the reference circle, as at B’ and В”, Fig. 4. There is no 
mathematical limit for such external values. If the position 
of B 1s also to the left of the tangent, ST, as at B', the func- 
tion of machine А 15 also reversed, being a motor, while if the 
position lies to the right of the tangent, 5 T, but outside the 
circle, as at B", A remains a gencrator, and both machines act 
as generators to supply the large R P? losses of such a position. 

Positive values of P"; that is, normal motor action, give 
loci for B within the reference circle, the value of C B dimin- 
ishing with increasing load, as can be seen from equation 7. 
The locus for any given load is a definite circle, whose radius 
is readily determined. Loci differing by equal amounts, as 
loci for 50, 100, 150, and 200 kilowatts, will be separated in 


such manner as to have equal areas in the rings included between 
» 


P 
cos 0 
the value of C B is an imaginary quantity; that is, the motor must 
fall out of step when such an excessive load is applied. 


exceeds the value of O C?, 


successive loci. In equation 7 if 


I” Z 
os 0 


= (OC)? 


is the limiting case, the maximum load which the motor will 
theoretically carry. C B = O; that is, the point C is the locus 
for this load, which is several times full load. At this point 
B* cos 0 

z ` 


power for the same point as follows: 


B = ОС, and P” = Equation 2 gives the generatcr 


p ў OS fj 
P’ = A cos ау ==? p 95" 


It will be noted that thisis just twice the valueof P",showing 
50% efficiency, as with direct-current motors at maximum load. 
Loci for normal loads are circles but little smaller than the 
reference circle. 
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Efficiency. 
3. Interpretation of equation 5, 


RE 
d dr 


Dividing by P’, which by equation 2 = А cos a E/Z 


NE um ER © _ E cost 
P! ZAcosa  Acosa 


1 


Transposing, 


E P" Е . 
COST (1 = p.) ub (8) 


For a given value of efficiency, P"/P', the first member 
becomes constant, and the equation is the polar equation of a 
circle. For different efficiencies, circles of different diameters 
are found, but all pass through the common point A, which is 
common to all positions of E; they are all tangent to ST at A. 

For efficiency = 1 the locus of B is reduced to the point 4. 

For ећсіепсу = 0.9 the locus of B lies in a circle whose diam- 
eter is 0.1 A/cos a. 

For efficiency = 0.8 the locus of B lies in a circle whose diam- 
eter is 0.2 4/cos a. 

For efficiency = 0.5 the locus of B lies in a circle whose diam- 
eter is 0.5 А /соѕ a. 

For efficiency = 0 the locus of B lies in a circle whose diam- 
eter is 1. 4/cos a. 

These loci are sufficient to indicate any desired efficiency. 
For zero efficiency the locus coincides with the reference circle, 
which is also the locus of zero intake of machine B. Fig. 5 
shows loci for given efficiencies as marked. 

Heat Loss. Equation 5, P' — P" = К P, shows that the machine 
А not only furnishes the power P" to machine B, but also supplies 
the heat losses R I? of the circuit. These losses should include 
the core losses of transformer and motor, and for better inter- 
pretation the second member might read А P+H, meaning 
by H the core losses, which are approximately constant and 
independent of current. It is seen that the R I? losses proper, 
or copper losses, assuming К as constant, depend upon Г, hence 
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Fic. 3—Locus of B for constant generator output 
Fic. 5— Locus of B for constant efficiency 
Fic. 6.—Locus of B for constant 7?R loss 
Fic. 7— Locus of B for given current angle referred to generator 
Fic. 8— Locus of B for current referred to motor 
Fic. 9—Locus of B, when of constant value. 
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upon I, and upon E, which produces J. For any given loss, 
` whether or not including core losses, the locus of B will be at a 
constant distance from A, that is, a circle centered at A and 
readily determined; see Fig. 6. 

Power Loci. It is easier to calculate values of P" from con- 
siderations of efficiency, than from equation 7. What consti- 
tutes full load for a given motor is a matter of engineering judg- 
ment, commonly called ‘‘rating.’’ For normal power trans- 
mission an average of copper losses may be taken at 10%, 
whence the efficiency, as here defined, is 90%. This does not 
include losses in the generator. In Fig. 5 the efficiency locus 
for 90% is shown. At the point where this efficiency circle 
cuts the line A C, a line marked 100, parallel to S T, marks the 
locus of Р’, while the circle marked 90 marks the locus of P”. 
The power ratings will be in the ratio of 100 to 90 to produce 
an efficiency of 90%. The 90 circle may fairly represent full 
load on the motor. The next parallel, marked 200, is the locus 
of P', and the circle touching it, marked 160, is the locus of 
motor intake, 160 being 80% of 200. In the same way parallels 
300, 400 and 500, and the circles 210, 240 and the point 250 
are determined. The maximum of P" in every case is at the 
point C. The maximum intake of the motor on this basis is 
250/90 = 2.8 times the full-load rating. The current flowing 
is just five times that required for full load. By a different 
rating of the motor other ratios would be found. 

Lag and Lead. Combinations of two or more sets of loci 
give many other interesting facts. For any given power, the 
locus in general has two intersections with a given efficiency 
circle, showing that there are two positions of B for the same 
efficiency of load. A point between can be found where more 
power is transmitted at higher efficiency. Where an efficiency 
circle touches a power circle is the highest efficiency for that 
power. All such points of tangencv lie in the line А С, the 
locus of B to bring current in phase with A, the generator e.m.f. 
Here angle а is zero. With angle a positive, B lies below or 
to the left of the line А C, indicating that current lags behind 
the vector, 4; with angle a negative, B lies above or to the 
right of AC, causing current to lead vector A. The locus for 
any required lag or lead is easily drawn by merely passing a 
line through А, making the desired angle with А C, the normal 
hne. Such loci are shown in Fig. 7.- 

The loci for current in phase with B, or at any desired angle 
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with B, are drawn almost as easily. They are arcs of circles 
passing through .1 and O, and tangent to the corresponding 
straight loci for same angles with respect to current and A, as 
shown in Fig. 8. 

B Constant. Loci for given values of excitation of B are 
simply circles with radius centered at O, Fig. 9. If the two 
synchronous machines are operating as generator and motor, 
it is evident that the intersection of such locus of B, representing 
given excitation with the locus of the load, Р”, of the motor 
wil show the vector position of B for the conditions given. 
If the load be increased, the intersection must be with a smaller 
power circle representing the increased load. The machine В 
falls back slightly until this intersection is reached. Since in 
general falling behind places the motor in a region of greater 
power intake, the action is stable. If, however, the load is in- 
creased so much that the vector does not intersect the required 
load circle until it has come into line with the diameter O C V, 
running is unstable, because the slightest falling behind brings 
less power to the motor, and it necessarily falls out of step. 

The diameter O V appears as a definite boundary for stable 
running, but as armature reaction is not taken into account in 
the analysis, it 1s not to be entirely relied upon. From Fig. 4a 
it would appear that a demagnetizing armature reaction would 
bring the vector B, if equal to A, more nearly to the point C, 
the locus for greatest intake of power; while in Fig. 4c demag- 
netizing reaction. would carry the vector B further away from 
that point. Currents that are in phase with A, meaning normal 
positions of В for maximum efhciency along the line А C, are 
demagnetizing for В. Since the action of the current is normally 
demagnetizing upon the motor, a satisfactory operating angle 
for 0 is somewhat less than 60°, a condition fairly well shown 
in Fig. 2. If B exceecs A/cos 0, the diameter of reference 
circle, the machine B is incapable of operating as a motor, since 
B must then fall outside all possible loci of power intake. 

Reactors. The use of a reactance coil increases the angle б. 
For long lines, where owing to resistance 0 may be small, its 
use is justified. For proper operation it is easy to use too 
powerful a regulator, as seen from Fig. 4c where 0 = 75°. Here 
it is only possible to obtain the large values of motor intake 
by exciting the motor greatly beyond the value of A. Hence 
if only moderately excited, the motor would fall out of step too 
easily. Effort should be made to make 0 about 55° to avoid 
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manipulation of field rheostats. Where the transmission line 
is short, the angle will probably exceed this, but to reduce the 
angle by the introduction of resistance would of course be very 
objectionable, as it would decrease the efficiency. It might be 
possible to select a machine with lower inductance than usual 
for such short line conditions, as for operation in parallel. 

Condenser Action. The above paragraph must not be confused 
with the question of over-excitation to produce the so-called 
“ condenser effect," giving a leading current in respect to А. 
Over-excitation makes the angle a negative; that is, it is ex^ 
citation carrying vector B beyond the line A C, the normal 
excitation locus. It is seen that this is not a constant excita- 
tion, but depends upon the other conditions of the circuit, 
load, etc. With 0 greater than 60°, over-excitation means as a 
rule, excitation of B greater than that of 4; while with @ less 
than 60°, B may be over-excited, and yet be less excited than А. 
Under-excitation is less than normal, making the current lag. 
due to a positive angle a. It is possible to have under-excita- 
tion, and yet an excitation greater than that of the generator. 
This may be the case at heavy loads with a large angle 0. It 
may be remarked that ' condenser effect " is not a true ca- 
pacity action, since such effect would not tend to increase the 
triple-frequency component of current, as would be the case 
with true capacity. 

Converters. Synchronous converters may be compound-wound, 
and so operate successfully on circuits where the angle @ is con- 
siderably more or less than 60°. For short lines, where 0 is 
large, the converter series-winding should be cumulatively con- 
nected, to increase the excitation when loaded. This will be 
the proper condition for such a machine serving lighting circuits. 
where over-compounding is desired. For long lines powerful 
reactors may be required to make the use of compound-wound 
converters feasible. For railway service, where precision of 
direct-current voltage is less important, it may be satisfactory 
in the case of a low value of angle 0 to reverse the series-winding, 
making it differential. Operation at least would be more satis- 
factory. А shunt-wound converter is often preferred, and 
should act well on moderately long lines. This diagram shows 
why there has been a spirited discussion of the relative ad- 
‘vantages of cumulative and differential connection of the series- 
winding in converters, the difference in action being due to 
external conditions. 
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Synchronizing. The constants determining the diagram for 
showing the behavior of synchronous machines in operation, 
even under the abnormal condition of falling out of step, are 
not applicable in making a diagram to predict the initial cir- 
culating current upon connecting the same machines in par- 
allel. If two machines are pulled out of step without opening 
the circuit, it is unusual for any damage to the machines to 
result, although they pass through all possible phase relations. 
Yet experience proves that it is unsafe to close a paralleling 
switch except at or near coincidence of phase. The reactance 
of an inductive circuit upon first closing the switch depends 
upon the coil-winding, as if it were without iron, while as soon 
as the core becomes synchronized full ‘‘ synchronous reactance ” 
takes effect. The initial current is several times that which would 
flow at corresponding unfavorable phase position under operat- 
ing conditions and lasts long enough to produce electrical and 
mechanical strains which sometimes result in disaster. By using 
a value for Z, the impedance, perhaps only 15 to 25 per cent. 
of normal, and a correspondingly small angle 0, a diagram may 
be constructed that will properly indicate the dangers of im- 
perfect synchronizing. 

For safe and effective synchronizing the circuit may be first 
closed through a coreless reactance coil of moderate dimensions, 
as explained in a paper entitled ‘“ The Self-synchronizing of 
Alternators," presented by Mr. M. K. Akers and myself before 
the Institute in May 1906. The diagram for showing self- 
synchronizing employs a value for Z about twice the normal, and 
a large angle 0, and shows that shocks may be eliminated with- 
out reducing the useful svnchronizing power in the same degree. 

Synchronizing Power. The synchronizing power, tending to 
bring two machines into phase, may be derived from equations 
2 and 4. 

Equation (2) 


P’ = 1/2 [42 cos 0 — A B (cos 0 cos ф — sin 0 sin ф)] 


P' positive shows that the load upon machine A tends to 
retard it. 
Eqvation (4) 


P" = 1/Z [A B (cos 0 cos ф sin 0 sin $) — В? cos 0] 


P" positive shows that the driving upon machine B tends to 
accelerate it. With P’ and P" both positive (or both negative) 
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the machines are forced together with a power found by adding 
the two equations: 


Р'+Р" = 1/Z((A? — B?) соѕ50+2 Л B sin дєп ф] (9) 


The first term of the second member appears to be negligible, 
not only because В is usually about equal to Л, but also because 
cos 0 is small. The synchronizing power is often taken as 


1/Z [2 A B sin 0 sin ф] (10) 


If ф, the angle between the machine vectors, 15 the only vari- 
able, the value of (10) varies with sing. There is no power 
acting to hold the machines together, but only to prevent them 
from moving apart. The effect is a maximum at ф = 90°, and 
diminishes up to the unstable position of 180°, where it is again 
zero. The effect, apparently negative beyond 180°, means that 
the action is to increase the angle toward 360° or 0°. 

The above discussion concerns itself only with synchronizing 
forces. The first term of equation 8 appears negligible, vet its 
derivation from equation 2 and 4 shows that 1/Z [4° cos 0] 
and 1/Z[— B?cos 0] represent powers acting in the same 
sense, that is, to retard both machines, 4 and B. 

With angle 0 large, as in normal operation, the retarding 
powers are small, but with Z and angle 0 both small, the con- 
dition which exists momentarily at the instant of switch-closing, 
both machines may be so suddenly retarded as to wreck them, 
since under the condition of small value of 0 the braking effect 
is at its maximum, and the “ А В” terms of equations 2 and 4 
are a minimum. When coreless reactors are used, it is im- 
possible for Z and @ to be small, even momentarily, and the 
shock to the machines is prevented. No synchronizing effect 
is obtained without some reactance. The effect is a maximum 
for large angles of 0. Introducing reactance to increase the 
angle 0 means also an increase in the valve of Z, which might 
result in limiting the current too much. A satisfactory com- 
promise may be effected by trial, but the ciagram will indicate 
readily the proper value of reactance to employ. 

There should be a distinction drawn between paralleling 
alternators, and svnchronizing a motor or converter with a 
distant generator. To bring into action an additional generator, 
especially when the object is to relieve an overload on the 
machines in operation, care should be taken not to close the 
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switch with the incoming machine in motor, or “ B "-vector, 
position. This will be best accomplished by having the in- 
coming machine running slightly above synchronous speed, 
and closing the switch not too early. For placing a converter 
in service, on the other hand, the incoming motor is to receive 
power, and should not be switched in as a generator or in “ A ”- 
vector position. This is best accomplished by having the 
machine running slightly below synchronous speed, and closing 
the switch not too early. 


Comparison with “' V-Curves." The loci of B for various 
powers as shown in Figs. 4a, 4b, and 4c correspond precisely 
with the irregular shaped curves called ‘‘ phase characteristics ” 
or more commonly “ V-curves." In the circle diagram, excita- 
tion and current are measured by proper scales radially from 
O and from A (a double polar diagram). In the usual form of 
V-curves the plotting is by rectilinear coórdinates. The circle 
diagram may be rapidly constructed by ruler and compasses, 
while the V-curves have to be calculated and then carefully 
plotted. That they are identical will be evident to anyone 
comparing the diagrams. If the curves are derived from ex- 
periment, two observations at given load will suffice to determine 
the circle with considerable accuracy, while a multitude of ob- 
servations are needed to prepare a good V-curve. Of course not 
all observations will fall accurately in an exact circle, but the 
moderate deviation of normal power loci shows the essential 
reliability of the circles. It seems possible that a few ob- 
servations carefully plotted in a circle diagram will serve to 
determine the '' constants " of a transmission line, or of a ma- 
chine, even better than the usual “ synchronous impedance ”’ 
tests. The method has the advantage of making the measure- 
ments under operating conditions. 

The use of the circle diagram is not confined to two synchron- 
ous machines of single phase. Two or three phases may be 
represented. Moreover the diagram may be applied to a non- 
motor load, such as a transformer with any sort of load on the 
secondary. It suggests a method of graphically estimating the 
angular phase difference between the secondaries of transformers 
used for different services, or between the primary and sec- 
ondary of a single transformer, and at all loads. In the case 
of a transformer the angle 0 charges greatly with the load, and 
several diagrams might be required where one would suffice in 
synchronous machine operation. Indeed the use of previously 


© 


842 BROOKS: SYNCHRONOUS MACHINES [June 25 


prepared diagrams, or charts, outlined for different values of б 
would make the rapid graphical solution of synchronous prob- 
ems a pleasure instead of a task. The calculations and dia- 
grams assume pure sine curves of electromotive force and 
current, and some allowance may be required where these curves 
are distorted. 

That the vector relations shown by the circle diagram actu- 
ally exist, at least approximately, has been recently shown by 
a mechanical phase indicator attached to two machines running 
in parallel. The problems involved in the operation of alter- 
nating-current machines are often obscure, since the real forces 
are not subject to direct measurement, and it is hoped that 
this presentation of the circle diagram will serve a useful pur- 
pose in the interpretation of the interaction of synchronous 
machines. 
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POWER-FACTOR, ALTERNATING-CURRENT INDUCTIVE 
CAPACITY, CHEMICAL, AND OTHER TESTS OF RUBBER- 
COVERED WIRES OF DIFFERENT MANUFACTURERS 


BY HENRY W. FISHER 


Probablv no form of insulating material for wires has been so 
frequently discussed as india rubber and its component ingredi- 
ents, known commercially as '' rubber." Very many tests have 
been devised to determine the percentageof rubber and cther 
materials, and especially the amount of fine para. 

In a compound containing both pure para and other grades 
of rubber, it will probably never be possible to tell the relative 
percentages of each. If the amount of inferior grades of rubber 
is considerable, an indication of the fact can be obtained from 
some of the various tests now used. 

opecifications have been devised with a view to securing, by 
the application of certain well defined tests, an absolutely 
certain percentage of pure para. In some of these cases the 
manufacturer could have furnished a better compound con- 
taining wax or similar solid hydrocarbons mixed with the dry 
mineral filfer, but the presence of such materials would make it 
impossible to tell how much of the rubber was fine para. 

In view of these rather complicated conditions, several of the 
manufacturers of rubber-covered wire framed a set of specifica- 
tions which would ensure 30% para and give at the same time lati- 
tude to the manufacturer to use such other ingredients as in his 
experience would make a compound having toughness, elasticity, 
resistance against high voltages, and other desirable qualities. 
These specifications were brought to the attention of the In- 
stitute in a paper by Mr. Wallace Clark, read in New York on 


April 27, 1906. 
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The object of the present paper is to give the results of certain 
tests which, while not strictly new, have not been applied com- 
mercially to rubber-covered wires. One reason for conducting 
this investigation was to see 1f power-factor tests would not give 
an insight into the qualities of different makes of rubber-insulated 
wire. | 

The definition of power-factor as here used 1s the ratio of the 
power absorbed in the rubber compound to the apparent loss as 
found by multiplying the charging current by the applied volts. 
Practically speaking, it may be considered as an indicator of the 
loss in the dielectric around the wire and therefore a low power- 
factor is desirable? 

A considerable amount of work has been done by various 
experimenters to determine how the losses in condensers and 
cables vary with the applied volts, frequency, capacity, etc. 
One of the most recent investigations of this sort was given in 
the paper of Dr. Paul Humann which appeared in the '' Elek- 
trische Bahnen U. Bet-iebe," from August 24 to September 24, 
1906. 

Dr. Humann’s formula for the loss in the dielectric of paper- 
insulated cables is as follows: 


И -KE'nC 
Where W = the loss in watts, 
K =a constant varying with different insulating 
compounds, 
E = the effective pressure іп volts, 
п =the frequency of the alternating current, 
C - the inductive capacity of the cable. 


The proof of the above formula is as follows: 


W i 
power-factor = p.f. = TE (2) 


| 2zuC E 
I =the changing current = RESET 


Substituting and transposing, 


W= Рт, EnC = КЕзпС (4) 
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а Рет E " "PE: 
Where A = — 10% ` The loss is in watts and it varies 


in direct proportion to the frequency, capacity and power-factor 
and to the square of the electromotive force. 

The methods adapted by Dr. Humann were somewhat in- 
volved and complicated, but nevertheless ingenious. In order 
to get true readings he had to expurgate the harmorics of the 
alternating-current voltage, producing thereby a true sine-wave 
electromotive force. 

The writer is much indebted to Dr. Rosa, of the Bureau of 
Standards, for outlining some extremely simple methods to 
determine power-factors, capacities, inductances, etc. This led 
to the design of a special form of bridge having non-inductive 
resistances with minimum inductive capacities, and suitable 
binding-posts for the various apparatus employed. The rest of 
the outfit consisted of a vibration galvanometer, and a motor- 
generator the speed of which was kept absolutely constant by 
an electrically driven tuning-fork. The rate of vibration of the 
tuning-fork could be varied by the application of weights near 
the end of the forks. 

By careful adjustmert of both the tuning-fork and gal- 
vanometer they could be brought into synchronism, when the 
latter becomes a most sensitive instrumer t for incicating minute 
alternating currents. Moreover, as the galvanometer needle 
responds only to the fundamental period of the alternating- 
current circuit, and is not at all affected by existing harmonics, 
it is unnecessary to employ a sine-wave electromotive force for 
measurements of capacity, inductance, and power-factor. 

The method employed in these researches is based on the 
fact that a cable or condenser, the absorption and leakage of 
which is not zero, 1s equivalent to a cable or condenser with 
zero absorption in series with a resistance, called the '' equivalent 
resistance,’ such that the angle of lead between the electromotive 
force and current shall be 90°-@. 

With a perfect concenser 0 = о. The power-factor = cos 
(90-0) = sin 0 (5) 

Fig. 1 shows the diagram of the connections and arrangement 
of the various instruments. | 

К and R’ are the ratio arms of the bridge; R” is the resistance 
which is placed in series with the standard condenser C; A. C. 
is the alternating-current source; and G 15 the vibration gal- 
vanometer. The plan of procedure 15 first to vary R or R' until 
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a partial balance is obtained, then adjust R” and R until the 
galvanometer mirror ceases to vibrate, when the power-factor 
ofthe cable — 


Эли КС ‚| 
Power-factor of condenser + ~ 108 (6) 


and capacity of cable = RI X C 


Where n = the cycles per second and C = the capacity of the 
standard condenser. 


Fa. 1. 


AC. 


The reflection from the galvanometer mirror of a lamp fila- 
ment was used until a balance was practically obtained, then the 
reflection of a scale was observed, and the resistances varied 
until the scale divisions were sharp and well-defined. 

This method is so extremely sensitive that in making tests of 
cables it was generally impossible to adjust the bridge for any 
length of time so that the galvanometer mirror did not vibrate. 
There is apt to be a continual slight variation in capacity and 
power-factor. With perfect standard conder sers, capacities can 
be compared to within one point in 9000. 


1907] FISHER: RUBBER-COVERED WIRES 847 


Owing to some peculiar factory vibration which affected the 
vibration galvanometer, it was impossible to make the tests at a 
frequency of 60 cycles per second as originally intended, and 
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hence after considerable adjustment a frequency of 53.5 cycles 
was employed throughout the tests. 
Coils of rubber-covered wire of various manufacturers were 
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purchased in different cities. These were cut into lengths of 
210 ft. and placed in a metallic tank which was afterwards 
filled with a strong saline solution. Each curve represents 
therefore the results of tests on two or more coils of wire. 
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The voltage tests were made on four samples of each original 
coil. The samples were four feet long, three feet of which was 
under water for 24 hours before the test was applied. Samples 
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of each coil were reserved for chemical analysis, but owing to 
the time required for this work returns were not received from 
all coils. Sufficient tests were made, however, to permit of a 
general comparison between most of the samples. 

Table 1 gives the general dimensions of the rubber-covered 
wire and the average break-down voltage tests. 

Table 2 gives the results of the chemical analysis. The 
different samples are represented by letters, and the different 
materials by numbers. 


TABLE NO. I. 
DIMENSIONS AND BRBAK-DOWN VOLTAGES OP SAMPLES. 
Sample Wire B id S. кеш плаш Thickness Break-down 
Letter G. Braid Rubber of Rubber Voltage 
A 10 323 209 53.5 22860 
B 10 280 204 51 23100 
C 10 293 200 53.5 15960 
c 10 302 202 50 14450 
D 10 303 213 55.5 16750 
d 10 292 205 51.5 16300 
E 10 285 194.5 46 13600 
е 10 303 201 49.5 16770 
Е 10 300 209 53.5 22040 
Í 10 306 209 53.5 15120 
G 10 245 195 46.5 23600 
H 10 | 249.5 193.5 45.75 18355 
h | 10 | 246 197 47.5 12825 
I 10 252.5 199 48.5 17775 
$ 10 257 | 201 49.5 18650 
J | 12 | | 235 77 23035 
K 12 | | 234 76.5 22500 


Chemical tests of rubber are difficult to make, and owing to the 
fact that several of the ingredients are slightly soluble in solvents 
other than those particularly used for each, there is a pos- 
sibility of slight errors in the amount reported. No. 2 is the 
acetone extract and No. 3 the pyridine extract. The tests were 
most carefully made each in the same manner and by a person 
the accuracy of whose analvsis had previously been checked by 
his reports of samples having known ingredients. 

In designating the wire of any one manufacturer the large 
character represents the higher priced wire and the small character 
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of the same letter thelower priced wire of the same manufacturer. 

The measurements made, which are represented by curves 
were as follows. 

A, the inductive capacity by alternating-current method; 
G, the inductive capacity by the ballistic-galvanometer 
method; 

The insulation resistance after one minute’s electrification 
by direct deflection method; 

P. F., the power-factor; 

W, the total loss at a frequency of 53.5 cycles and electro- 
motive force = 75 volts. 

For convenience in comparison the loss W is multiplied by 50, 
making it equal to that of 50 miles of wire, when the lowest loss 
is about one watt. 

Owing to the time required to complete these tests it was 
necessary to make two sets of measurements on two different 
lots of wires and hence the reason for two sets of curves. On 
account of the great variation in insulation resistances, two 
sheets with different scales had to be used. These are given in 
Figs. 4 and 5, and to get a relative comparison between the two 
sets of curves the insulation resistance of wire e is shown in 
both figures. 

On the right-hand side of each set of curves is given the 
variation of temperature with time. It was impracticable to 
keep the temperature at the same point throughout the tests, 
but the variation in temperature would make little difference in 
all the various tests, except possibly those of insulation resistance. 
As the variation of temperature was alike with all coils, the rela- 
tive average results may be consicered sufficiently correct for the 
purposes of this paper, which deals with comparisons rather than 
with absolute values. The last two tests were taken at tem- 
peratures of about 90? and 115? fahr., thus affording a chance of 
comparing the various temperature coefficients. 

Some explanation of the curves represented by the term А/С 
is here necessary. This is the ratio of the inductive capacity 
measured by the alternating-current method to that measured 
by the usual galvanometer method. In a paper by the writer, 
read two vearsago at the Asheville convention, the statement was 
made that the dielectric loss in a cable seems to increase as the 
above ratio becomes smaller. This appears to be generally true 
here, too. 

Inductive capacities are usually measured by the ballistic 
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galvanometer method and A/G is the factor by which said capaci- 


ties must be multiplied in order to get the true alternating current 
capacity. 
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In a paper of this kind which deals with so many different tests, 
perhaps the most difficult undertaking is the attempt to make 
correct deductiors and comparisons. For the present confining 
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our remarks to Figs. 2 to 8 inclusive, it is at once noticeable 
that the insulation resistance, power factor, and .4/G decrease 
with the time of immersion in water, and the others increase 
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with the time of immersion. 


This is what one would naturally 


expect because all the samples were braided and therefore the 
water would take some time to fill all the interstices around the 


rubber. 


[June 25 


FISHER: RUBBER-COVERED WIRES 
It is also evident that the rate of change is generally less where 


the percentage of rubber is high, as with samples A, B, C, and D. 
B was not analyzed, but it evidently contained a large per- 


centage of rubber. 
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It will also be seen that while the curves do not alwavs follow 
in the same order, vet there is a certain amount of regularity 
among them; for instance, 4 and B are at one extreme and j at 
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The general tendency is for the insulation resistance 


the other. 


to vary inversely as the capacity. There are, however, some 


notable exceptions which will be considered in due time. 
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We may here ask the pertinent question; what are the de- 


This might 
1, good materials and uniformity of 


structure; 2, great electrical strength; 3, good lasting proper- 


sirable qualities of a rubber insulating compound ? 


be answered as follows: 
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ties. Insulation and capacity tests give us some idea of the 
first, high-voltage tests of the second, and while long-time 
tests are essential for the third, yet power-factor or loss-tests 
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covering a shorter period of time may indicate any tendency to 
gradual disintegration, 

Now making some general comparisons, we find that 4 and B 
have high insulation resistance, high resistance to voltage, small 
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energy loss, and A shows a higher percentage of rubber. F, on 
the contrary, while having about equally good resistance to 
voltage, has much less rubber, much less insulation resistance, 
and greater energy loss. The percentage of rubber in C lies 
about midway between A and F and yet C withstands much less 
voltage, has an insulation resistance about equal to F, but the 
energy loss is nearer that of A than that of F. In trying to 
account for this we see that A and F have about the same com- 
bined amount of materials 2 and 3, while C has almost 4%, more 
of those materials. It therefore seems that the addition of too 
much waxes, pitches, etc. 1s not beneficial. 

The most notable cases of excessive amounts of materials 
2 and З are E and e. Е withstood the lowest voltage test but 
this may be entirely due to its thinner rubber wall, and yet its 
insulation resistance was third from the highest. This shows 
that the insulation resistance does not depend entirely on the 
amount of rubber. C had 2395 rubber and E about 17%, and 
yet the insulation resistance of the latter was best. The energy 
loss of E however, was much greater than that of C. The 
writer fully realizes that some of these differences may be 
partly due to the quality of the rubber employed. 

Through an oversight, the letters E and e were reversed, e 
being the higher priced compound and E the cheaper grade. In 
all the figures except those giving power-factor and energy loss, 
e, the better grade, is further from А than E.; e withstood a 
higher voltage than £, and hence with these wires the energv test 
and voltage test were the true indications of quality. 

D and d are consistent throughout the whole series of curves, 
and yet the break-down voltage of D 1s not as highapparently as 
one would expect. | 

The writer can give no definite reason why F and f should 
almost invariably test worse than the other samples. In 
break-down voltage tests they were practically as good or better 
than first and second grades of other wires. The use of an 
inferior grade of rubber might partly account for it, but because 
of the high dielectric strength of F, the writer is of the opinion 
that the materials 2, 3, and 5 employed, had properties which 
made the insulation resistance low, the capacity high, and the 
energ y-loss and power-factorhigh. The writeris fully aware of the 
fact that insulation, resistance, and capacity are affected by the 
conditions and time of vulcanization, which might be the cause of 
some of these discrepancies. It is hardly likely, however, that 
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F and f were vulcanized at the same time, and hence the theory of 
slightly defective material is probably the nearest correct. 

It is interesting to note the peculiar change of insulation re- 
sistance of sample A. There was first a gradual decrease and then 
an increase to the time when heat was applied, when the insula- 
tion again became less. After rubber covered wire is vulcanized, 
there seems to be a tendency for the insulation resistance to in- 
crease and the capacity to decrease. This probably accounts for 
the above effect. There are other samples which show this 
tendency to improvement after the lapse of time, but in a less 
marked degree. | 

Referring once more to the break-down voltages, it is well to 
bear in mind the fact that long coils of wire will not withstand 
anvthing like the break-down voltages which punctured the four- 
foot samples. In a few cases, some of the four-foot samples 
broke down at a much lower voltage than the average of the 
others made by the same manufacturer. 

The second lot of samples are designated as follows: G, H, h, 
I, i, Jand A. The curves representing tests made on these are 
found in Figs. 9, 10, 11, 12, 13, and 14. 

Samples H, h, and I, т were tested for 14 days when two 
samples, the average of which is given by the G curves were put 
in the same tank. At the end of 23 days, the samples K, L 
were put in the tank. There are therefore, three sets of time 
figures, but under twoof these are placed theletters of thesamples 
to which they refer, and the third set must be used for H, А, I, 1. 

The sample G seems, from the chemical analysis, to be reason- 
ably close to 3065 rubber. The thickness of rubber 15 the smallest, 
and yet the break-down voltage was the largest. 

All the curves of G show but a slight tendency to variation 
after the lapse of a few days, and there is a general indication of a 
gradual improvement with time. 

The insulation resistance of G is not so high as that of A and B. 
This difference is partly accounted for by the difference in the 
rubber wall, and partly by the amounts and kind of materials 
2 and 3. The power-factor and the energy-loss of G are also 
greater than those of А and B, but this is probably partly due 
to the smaller amount of materials 2 and 3. (See remarks 
later on about J and K.) 

All the insulation resistances given in Fig. 11 become better 
near the end of the tests; this is partly due to a drop in tem- 
perature which occurred for the two tests prior to increasing the 
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temperature at the end of theseries. "There is sufficient evidence, 
however, to show that before the above happened,the insulation 
resistance of all these samples had ceased to drop, and, in fact, 
was slightly improving. This is probably because all the samples 
analyzed had over 20%, of rubber. Some of the insulation 
resistance curves are odd in appearance, but this may to some 
extent be due to errors or surface leakage. In measuring the 
insulation resistance of only about 200 ft. of wire, a high degree 
of accuracy cannot be expected. 

“Т,” contained slightly more rubber than H, and in most cases 
the former tests best. In like manner, 2 is better than h in the 
larger number of curves: h was white-core and this may partly 
account for its low break-down voltage. - 

c, d and f were also white-core rubber, and the break-down 
voltages of these were also among the lowest. The white-core 
part of the insulation was not analyzed, the reported ingredients 
being those contained in. the black-rubber portion. 

And now, we come to curves / and A which are perhaps the 
most interesting of the series. J was made of 15% fine para 
rubber and 15% african rubber. А had 3065 fine para. The 
rest of the materials in both samples was about 1% wax and dry 
mineral matter. The analysis does not show quite 30°, 
rubber, but this is partly due to the extractive matter contained 
in the rubber. On all sheets curves J and A are reasonably 
close to each other. | 

The power-factor and energy loss of К are less than those of /. 
Several of the curves are, however, erratic in appearance, showing 
a tendency to an unstable condition. 

In two prominent points, break-down voltage, and power- 
factor and energy-loss, these samples are inferior to A, B and G. 

1. Break-down voltage. The thickness of rubber on the 
samples J and A was about 50% more than that of the other 
wires, and yet the break-down voltage of / and K was about the 
same as those of .4, B and G. 

Thinking that this might be partly due to the greater electric 
density around the smaller wire (No. 12) which formed the con- 
ductor of / and A, the writer tested several samples of No. 14 
wire with 51 mils rubber wall, containing about 22% rubber; 
the average break-down voltage was 19,000 volts, which agrees 
closely with the other sample containing about the same amount 
of rubber. 

2. Power-jactor and energy loss. The tests of Jand А were 
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not carried on for so long a time as those of the others, and yet 
the power-factors were greater at the end of the series than those 
of any of the others, and there was a marked indication of still 
further increase. 

The energy-loss of J and K is not so great as that of some 
other wires; this is due to the fact that the capacity of J and 
K is much smaller on account of their greater thickness of 
rubber. No doubt if these samples had a thickness of rubber of 
about 50 mils they would have tested worse in most respects than 
anv of the samples of the series. 

It therefore appears that the addition of certain materials 
to a rubber-insulating compound (containing sav 30% of rubber), 
which upon chemical analvsis will show a high percentage of 
extractive matter, may rcsultin a much better quality of rubber- 
insulating material than one composed of 30% para апа show- 
ing but a low percentage of extractive matter. 

This paper has been prepared in great haste and hereto 
matters of importance may have been overlooked or omitted. 
In conclusion, the writer wishes to express his appreciation of 
the ample facilities afforded him for this investigation, by the 
Standard Underground Cable Co. He also wishes to ac- 
knowledge the valuable assistance rendered by the following 
persons: Messrs. H. D. Shakarian, T. D. Waring, H. Barbour 
and G. D. Eustachio. 


A parer presented at the 24th Annual Conven. 
tion of the American Institute of Electrical En- 
gineers, Niagara Falls, N. Y., June 25, 1907. 
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PROTECTIVE APPARATUS ENGINEERING 


—— 


BY E. E. F. CREIGHTON 


The main object of this paper is to describe the methods 
which have been in use in the development of lightning apparatus, 
so that some or all of these methods may be adopted or recom- 
mended as standard in the investigation of the value of any 
particular apparatus. As an introduction, it is pertinent to 
point out the differences and idegtities in the operation of the 
arrester in test as compared with its operation in actual service. 
Generators, motors, arc lights, practically all electrical apparatus 
except lightning-arresters—are tested under the conditions, 
under which they are to operate. The hyhtning-arrester in 
service comes into action only intermittently, with long intervals 
between operations, and each operation is under conditions 
more or less different from the previous ones. It protects, 
fails, or is destroyed according to its adaptation to meet the im- 
posed conditions. The arrester may operate for years before it en- 
counters conditions which it is incapable of meeting. The con- 
ditions which caused the failure are usually unknown, therefore 
little or no progress can be made in the design without studving 
the actual conditions which caused the failure of the arrester. 
Since this cannot be done at present with cloud lightning, we must 
experiment with artificial lightning in the laboratory untilthis con- 
dition causing failureis found. Simply noting whether an arres- 
ter failsand then making an adjustment, elimination, or addition 
of parts of the arrester is a cut-and-try method and has already 
been carried to the limit of its efficacy in the development of 
protective apparatus. 
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In making a plea for the recognition of the value of laboratory 
tests, it 1s pertinent to look at the subject from several viewpoints. 
Lightning-arresters are but auxiliary devices to the large ex- 
pensive machines of electrical transmission systems and the 
receipts therefrom to the manufacturer are small in proportion. 
The successful and continuous operation of electrical systems, 
however, depends greatly upon the efficiency of the protective 
devices. Great expenditures have been made in the develop- 
ment of protective apparatus, not on account of the intrinsic 
commercial value of the arrester business, but on account of the 
broader scope it gives to the electrical industries. Station 
managers should realize that to them has been given each year 
the very best apparatus that could be developed, and that the 
manufacturer of large apparatus is even more desirous than they 
toinstall an arrester which operates perfectly. Failures of 
arresters are comparatively infrequent, and in order to eliminate 
these last faults the intelligent coóperation of many station 
managers is desirable. In a short time instructions and ap- 
paratus for studying the operation of lightning arresters in service 
wil be ready to send to managers, and conscientious efforts of 
many will show the rare instances where the arrester fails and 
will indicate the complete solution of the problem. If the insu- 
lation of electrical apparatus has been seriously deteriorated 
by overheating, a manager should make an effort to ascertain 
this fact and not befog the problem by laying the fault to the © 
arrester. Furthermore, there is always a necessity for engineer- 
ing in the choice and location of arresters to give the best con- 
ditions of protection. 

Up tothe present the design of electrical transmission apparatus 
and that of protective apparatus have gone hand in hand. For 
example, when the arrester was adjusted to its maximum per- 
misslble sensitiveness and failed to protect the end-turns of a 
transformer, the transformer designer came to the rescue bv 
adding extra insulation to the end-turns. At present the 
designers of protective apparatus are endeavoring to design 
arresters for each potential that will limit the rise to 150% of 
normal. That arresters have been faulty 1s conceded, but the 
designer has too often to meet the condition of weak insulation 
and the occurrence of rare lightning phenomena. The problem 
is further complicated by the varied demands of protection at 
ditferent voltages of transmissions. 

A brief survey of the relation of line voltage to the problem 
of protection is herewith given. 
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Line potential and the problem of protection. As a thunder- 
cloud approaches a transmission line, each lightning discharge 
increases the severity of the induced stroke on the line. In 
this wide range of intensity it is easy to imagine that there is an 
average value of potential, due to discharges to the earth within a 
mile of the line, and yet not actually striking the line, which 
occurs frequently. Its value is unknown, but, judging from the 
fact that it does not jump over the insulators, it is less than the 
spark-potential of the insulator and therefore, in general less 
than 200 kilovolts. The indications are, however, that it is 
probably not less than 100 kilovolts. 

The thunder-cloud takes no account of the potential of the 
line, so that a 500-volt trolley wire will get the same induced light- 
ning stroke as a 60-kilovolt transmission in the same location. 
100 kilovolts would be harmless to the insulation of the 60- 
kilovolt line, but an arrester must operate instantly and rapidly 
on a low-voltage line to bring this potential down to a safe 
value before the relatively weak insulation is damaged. On 
high-potential lines, furthermore, the brush discharge potential 
of the line conductor is not much above the line potential, so 
abnormal potentials may lose an appreciable part of their 
dangerous peak values through the energy thus lost in the at- 
mosphere. There is one compensating condition in the protec- 
tion of low-voltage systems, in the greater factor of safety in the 
insulation customarily used in the construction. It is not 
unusual to find a 2,000-volt transformer with a factor of safety 
of 5 to 10 and a lighining-arrester with a spark potential of twice 
normal, whereas a 60-kilovolt transformer may have a factor of 
safety little greater than two, and the arrester must be adjusted 
within this limit. 


[effect of location of circuits оп the problem ој protec- 
поп. There is another compensating condition favoring the 
design. of arresters for low-potential circuits; namely in the 
shorter lengihs and favorable locations, both due to natural engi- 
neering requirements. For example, 2300-volt circuits are 
usually short and confined to the streets of a city where the 
houses and overhanging trees protect the lines from lightning 
charges induced by the storm clouds. Trolley wires are often 
overhung with feeders and have an additional compensation in 
leaky insulators. The numerous supports of the trolley wire 
each with a low-insulated, leaky-surfaced insulator help to dis- 
charge the static electricity to ground at the point where it is 


870 CREIGHTON: PROTECTIVE APPA RATUS . jJune 25 


freed. Unfortunately, 2300-volt circuits and trolley lines are not 
confined to shady avenues and city streets, but are often carried 
into the open country. Thisisthe part of the circuit which needs 
special care and protection against cloud lightning. А striking 
illustration of this necessity was shown last summer at a coast 
city. The city trolley was connected with a beachline. Astorm 
passed over the city, disabling more than a dozen carson the 
beach but none of the cars on the city streets. All these cars 
carried arresters of antiquated design. Another trolley circuit, 
an interurban, in a lightning storm district passes along miles of 
road with many large trees on each side. Inconsequence, with the 
ordinary protective apparatus, burn-outs of motors from light- 
ning are so infrequent as to cause no disturbing increase in the 
repair expense. 


Factor of damaged insulation. In the matter of satisfactory 
protection a factor enters which is beyond the control of 
the lightning-arrester designer. This is the effect of the 
abuse of the insulation of electrical apparatus. "These abuses 
are usually confined to overheating and wetting the insu- 
lation. Overheating produces a gradual weakening which 
will finally cause a short-circuit even at normal voltages. This 
final catastrophy, if due to normal voltages, will not be affected 
by the presence of the lightning-arrester, but the arrester, ac- 
cording to its efficiency, will lengthen the time during which 
the insulation can withstand abnormally high potentials. 

Guarantees. Because of the necessity for the insertion of a 
conditional clause stating that the insulation has not detenorated, 
no form of useful guarantee that the arrester will protect the 
insulation can be given by the manufacturer, even when an ab- 
solutely perfect and universally applicable lightning-arrester 1s 
in commercial service. A guarantee that an arrester will not be 
destroyed within a given time, say one year of service, could be 
given, but it would put a premium on making the arrester safe, 
even at the expense of the apparatus, and is therefore objection- 
able. 


Regarding service tests. The final criterion of success of an 
arrester is infallible protection under every condition of service. 
Perfect operation in one location does not prove the success of 
an arrester unless it can be shown that the lightning in that 
location was severe and of widely variable nature. There is an 
element of luck with storm-centers away from the line; specially 
high factors of satety of insulation, favorable location of lines, 
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and freedom from resonant conditions must be taken into 
account. А considerable expenditure of money and time 
must be made before any conclusion can be drawn from a service 
test. The information from a laboratory test, while not final in 
its conclusions, gives immediate results and brings an earlier 
solution. 


Trouble inspection. Furthermore, the service test alone gives 
no information regarding improvement of design. If the 
arrester 1s destroyed, the designer is often called in to inspect 
and investigate the cause of the trouble. There are perhaps a 
few pieces of fused metal, arc holes, broken chunks of porcelain, 
burned insulation of the leads, and a disgruntled manager. 
The results are visible. The cause of the trouble disappeared as 
rapidly as the air vibration of explanation. One goes over a series 
of possible causes like the presence of bugs, bad condition of the 
arrester due to previous operation, and lack of inspection, col- 
lection of dirt on the bushings, grounded phase, direct stroke, 
line-to-line surge or line-to-ground surge, standing wave, and 
faulty design. On the,other hand, if the failure of the arrester 
was the failure to protect the apparatus, speculations are made 
on the nature of the stroke of lightning, its natural frequency, 
duration, quantity of electricity, standing wave, and resonance. 
If the puncture was internal, there is sometimes the question of 
abnormally weak insulation due to poor workmanship, or abuse 
in the form of overheating, wetting or mechanical injury. 
Possibly the arrester was not at fault. Ifthe trouble was a stand- 
ing wave, it might have been in a poor location to protect. The 
earth connection may have been bad, and so on. 

If the insulation was punctured at the bushing, or the spark 
jumped through the air, there is seldom a question of damaged 
insulation and the fault must be laid to the arrester circuit. 
There are at least four leading questions of interest to the engi- 
neer. 

1. Subject of quantity and frequency. Was the arrester re- 
sistance too high? 

2. Subject of frequency. Was the equivalent needle-gap too 
high at the particular natural frequency of the discharge? 
(Some arresiers vary in equivalent needle-gap with a variation in 
natural frequency of the lightning surge.) 

3. Subject of earth connection. Was the resistance of the 
earth connection abnormally high or was the distance between 
the earth connection and arrester abnormally long? 


872 CREIGHTON: PROTECTIVE APPARATUS [June 25 


4. Subject of resonance. Was there a standing wave with a 
node at or near the arrester and an anti-node or peak at the 
point of puncture? 

The first three subjects are matters of design. The fourth 
subject is a matter of the location of arrester and choke-coils. 
Unless the trouble inspector enters the field with predetermined 
knowledge of the action of an arrester under the strains of 
different kinds of lightning strokes, the inspection is fruitless. 
Such a knowledge can be obtained only through laboratory 
tests with artificial lightning. 


Example of interpretation from inspections. As an example 
of interpretation from an inspection the following is given. 
Arresters of special design, set very close to line potential, were 
installed on a long system operating at 13,000 volts. Near the 
generating station the arresters were arranged to give less pos- 
sibility of short-circuit under heavy lightning than in the sub- 
stations. During the entire winter the line superintendent 
conscientiously examined and removed tell-tale papers 1n the 
arrester gaps. About the only information gained during all 
this time was that the arresters were sufficiently sensitive to 
operate from the internal lightning caused by switching and 
other accidental disturbances. A short time ago a lightning 
storm occurred. The tell-tale papers at one sub-station showed 
discharges through the arrester. At another sub-station two 
current transformers were punctured, but the tell-tale papers in 
the arresters at the cable terminal house near the sub-station, and 
in the arresters in the sub-station, itself, showed no discharge. 
In other words, the discharge passed two sets of lightning- | 
arresters adjusted closely to normal line potential and punctured 
the two transformers. Why did the arresters fail? What kind 
of lightning stroke was it? 

To answer these questions the predetermined fact is known 
that these arresters are not sensitive to the first half-cycle of the 
lightning discharge and therefore not sensitive to low-frequency 
high-potential surges. When these arresters were installed, the 
designer knew nothing of the fact nor how to overcome it. [t is 
also known that these arresters are exceedingly sensitive to 
high-frequency discharges. 

A probable explanation is that high-frequency cloud-light- 
ning caused a discharge over the entire arrester, cutting out all 
resistance. <A low-frequency surge’ followed which passed the 
other arresters and damaged the current transformers, the 
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weakest insulation in the sub-station. There is one other possi- 
ble explanation; there may have been a standing wave with the 
nodes at the arresters. This seems improbable, however, 
because there were two arresters, and furthermore, the same 
phenomenon has been observed in several other cases where the 
insensibility of this type of arrester to low frequency seems to be 
the fault. 

In another paper, the method of correcting the design of the 
arrester considered above is given. If a manager of a transmis- 
sion system assumes the untenable position that the manufac- 
turer has sold a piece of apparatus which will not take care of all 
lightning conditions and is responsible for replacement of 
arresters, an embarassing commercial situation arises which 
cuts off free intercourse between the engineers and consequently 
impedes progress. Perhaps a manager has decided that the 
arresters are an unnecessary evil and has taken them all off the 
system. With good luck such a system may run several months 
without trouble from lightning, but each high-potential surge 
which enters the station will do a definite amount of irreparable 
damage to such insulation as is not self-repairing. Sooner or 
later, enough strokes of high potential occur at one point to cause 
a puncture, and all other points weakened bv overstraining are 
likely to give way under the secondary strains of the energy 
surges of dynamic potential coming from the initial short-circuit. 

Unless the cause of the failure of the arrester can be traced 
to something specific, little improvement of design is possible. 
We have already come to the stage where accurate measurement 
is the life of further progress. It 1s necessary to produce arti- 
ficial lightning of varying potential, quantity, frequency, and 
. duration in the laboratorv, and to study with it the character- 
istic behavior of a lightning-arrester. By applying considerable 
dynamic energy to the arrester at the same time, the secondary 
effects of dynamic current discharge and the endurance of the 
arrester may be determined. Knowing the characteristic 
behavior of an arrester under varying condiitons, it is often possi- 
ble to make a very plausible surmise of the nature of the cause of 
the failure. The engineer who advances the argument, as has 
been done, that '' it is only a laboratory test and does not prove 
the value of the arrester” loses the proper viewpoint. The 
object of the laboratory test, aside from the educational experi- 
ence it gives, is to prove the converse condition regarding an 
arrester; that is to say, if the arrester will not withstand reason- 
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able laboratory tests 1n conjunction with the insulation which it 1s 
designed to protect, it 1s sure to fail sooner or later on the line. 
If the laboratory test shows the arrester weak in some par- 
ticular point, and that point only, it does not necessarily condemn 
the arrester, for it may be due to a condition which may be taken 
care of by some other kind of arrester or one that may not occur 
on the circuit in years. But if such an arrester fails, it often seems 
permissible to attribute the cause to this weakness. With such 
knowledge it is possible to employ to great advantage a par- 
ticular type of arrester on certain kinds of circuits or in certain 
locations. 


An analysis preliminary to standardization. recommendations. 
Before attempting to write standardization rules, it 1s pertinent 
to review the necessities of the situation. 

First of all is the selection of names for the apparatus and 
the general terminology as a means of common intercourse. 

The second consideration 1s the nature of the lightning so far 
as known, and the strain which must be relieved by the pro- 
tective apparatus. 

The third consideration is the nature and characteristics of 
the insulation to be protected. 

The fourth consideration is the characteristics of the pro- 
tective apparatus. | 

The fifth consideration is the nature of the test with artificial 
lightning, which will demonstrate the characteristics of the pro- 
tective apparatus. 

1. TERMINOLOGY 

Lightning. Lightning is a general term to express surges of 
potential anywhere of dangerously abnormal value. The sub- 
divisions of lightning are external and internal. Cloud lightning 
is external lightning. Dangerous surges due to switching eic., 
are internal lightning. 


Protective apparatus. There is required a general term to 
cover all devices which give protection. Protective apparatus 
is suggestive, clear, and brief. 

Lightning-arresters. A name is required for devices con- 
nected not only between lines but also between lines and ground. 


So far ''hghtning-arresters " 1s the commonly used term, and 
it seems desirable to retain this to avoid confusion. 


[Luternal-surge protectors. Another device, which may be of 
the same form as a lightning-arrester, is connected only betwcen 
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line and line, not to ground directly. There are a great many of 
these devices installed at the present time, and it 1s desirable 
to have a convenient special term to distinguish them from 
lightning-arresters. The term ''static protector" has been 
frequently used. The term is not suggestive of the nature of 
the device, and may be confused with the apparatus known for a 
long time as a '' static discharger." ‘‘ Static " means specifically 
the displacement in a dielectric medium. There are static 
strains which may be distinguished from one another. There 
is the normal static strain of potential between line and line 
which varies every instant with the wave of electromotive force 
of the generator. There is also the excessive static strain be- 
tween line and ground due to cloud-lightning strokes. There is 
still further, the excessive static strain between line and line, due 
to the stoppage of a dynamic flow of electricity in a number 
of wavs; and there is, finally, the excessive static strain between 
line and ground, due to the gradually accumulated static electric- 
itv from wind, rain, etc., coming in contact with the transmission 
line. This last form of static will not be released at all bv the 
static protector so there seems to be no reason for standardizing 
this false nomenclature. Devices for carrying off the gradually 
accumulated static, usually have low current-carrying strength 
and have been known for years as '' siaiic dischargers.” Since 
this form of static 1s directly generated in the line, and the word 
“static” 1s suggestive of rest, it seems desirable to retain this term 
" static discharger ” for the discharges of gradually accumulated 
static electricity. Conversely, since the other static stresses 
are indirectly generated from electromagnetic stresses, and further- 
more, since this electrostatic stress is continually being trans- 
formed into electromagnetic stress and back again in the form 
of surges, it seems desirable to adopt a term like “‘ internal-surge 
protector." It lacks brevity but there is no doubt of its meaning. 

A lightning-arrester is always more or less of an internal 
surge protector according to its design, and it may have auxiliary 
devices which make a static discharger of it also. On the other 
hand, an operator should not deceive himself into a sense of 
security because a static discharger has been sold to him under 
the misnomer of a lightning-arrester. Again, an operator cannot 
expect an internal-surge protector to protect against surges of 
an external origin, as for example, Joud-lightning. 


Earths (connections, resistances, etc). The word “earths” 
is used here specifically to mean the connection between the 
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conductor and the earth in which it is buried. On overhead 
lines it is usually the only '" ground " connection. (See further 
“ grounds.’’) 

Length of the earth connection of an arrester 1s the distance 
from the arrester to the conducting stratum of the earth. 

The earth resistance of a lightning-arrester is the ohmic re- 
sistance from the arrester to the conducting stratum of earth. 
Its value may be obtained by measurement between three earthed 
conductors. 


Grounds. '' Grounds” is a more general term than earths. 
A phase may become grounded without being earthed; for 
example, a cable having its armor insulated from the earth may 
become '' grounded " by having one of its conductors connected 
with thearmor. The armor may be “earthed” by connecting it 
with a conductor buried in conducting earth—in this case, we may 
still speak of the phase as grounded. If the transmission system 
is a mixed cable and overhead system, ''earthing" the armor 
may make a considerable change in the surges through the sys- 
tem. 


Sparks. An electric spark is the phenomenon of conduction of 
electricity by a luminous gas. 


Arc. An arc is the phenomenon of conduction of electricity 
by the heated vapor or vapors of the electrode. 


Dielectric-spark lag. Is the time elapsing between the appli- 
cation of the sparking potential and the complete formation of 
a spark. 


Natural or proper frequency of a circuit is the number of oscilla- 
tions per second of potential or current which will take place if the 
circuit is allowed to discharge without interference from excessive 
damping or extraneous power. Such a circuit involves the 
presence of both capacity and inductance. 


Continuous and continual, as applied to the electrical terms, 
retain their defined sense. А continuous oscillation is one 
which appears without a break. Continual oscillations are 
successive sets of oscillations with more or less interval bet ween 
the sets. А generator furnishes continuous alternations, a 
Tesla transformer produces continual oscillations. Continuous 
lightning 1s sometimes produced by one phase of a generator 
when another phase is short-circuited. Continual lightning ts 
produced on a non-grounded neutral system when one phase is 


1907] CREIGHTON: PROTECTIVE APPARATUS 877 


connected to ground through an arc. Both continuous and 
continual lightning may be temporary, but should be dis- 
tinguished from transitory lightning. 


Recurrent surges is a term synonymous with continual 
surges. 

Surges. Electrical surges is a term having a sense a little 
more general than lightning. Any unusual rush of current or 
potential is a surge. If the surge potential reaches a dan- 
gerous value it 1s lightning. 


Transitory. Transitory, as applied to electrical terms, retains 
its defined sense. Cloud-lightning gives transitory lightning on 
a transmission line. Many lightning-arresters are designed for 
transitory lightning but not for continual lightning. 


Equivalent spark-gap. This is a general term to express the 
puncture potential equivalent of a piece of apparatus or insula- 
tion. The gap isin parallel with the device and of such value as 
to cause at least 90% of the spark discharges to pass through the 
device and not more than 10% across the gap. The equivalent 
spark-gap is the only means of directly indicating the potential 
of a transitory charge. The specific terms are equivalent 
needle-gap and equivalent sphere-gap. 


Equivalent needle-gap. Is the gap of the value explained 
above when the electrodes of the gap are needles. 


Equivalent sphere-gap. Is the gap of the value explained 
above when the electrodes are spheres. It 1s necessary to state 
the diameter of the spheres—for example, equivalent 2-inch 
sphere-gap. 

Equivalent spark-gap characteristic curve. This is the rela- 
tion of the applied potentials as represented by gap-lengths 
(abscissas) to the equivalent spark-gap (ordinates). In this 
expression the specific words " needle " or * sphere” may be 
substituted for '' spark." 


í 


Dynamic. Used as an adjective to the words current, voltage, 
wattage, energy, etc., designates the current, voltage etc., 
which come directly from the dynamos or generators, as dis- 
tinguished from the current, voltage, etc., which come from 
static charges, electromagnetism, cloud-lightning, etc. on a line. 
The latter is of relatively small energy. There is no general 
term to express all the discharges that are not dvnamic. “Static” 
is a word used in this sense a number of times, “ lightning " is 
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another; but they are both specific and not general. For 
example, the internal lightning from one phase of a generator 
when another phase is short-circuited is really dvnamic potential, 
dynamic current, dynamic energy, etc. It is true that before a 
discharge takes place there is always a storage of energy in the 
static stress, in spite of the fact that the source of this static 
stress may have been due to the aforementioned condition, or to 
the sudden interruption of a dynamic current, and therefore, 
static comes the nearest to expressing the general sense. Non- 
dynamic would be a general adjective covering the phenomena 
not directly derived from the generator. 


Static. This term was originally applied to the stationary 
charges of electricity on rubbed glass, wax, etc. The use of the 
term has been extended until it covers all forms of electric dis- 
placement in a dielectric. This electric displacement may 
be changing its value at every instant and the electric charge 
is therefore not stationary. The variation in dielectric displace- 
ment gives the static current or condenser current. 

Non-dynamic. Is an adjective applied to the electrical 
terms to cover all effects which do not have their source directly 
in the generators. 


Accumulated static charge. This term applies to the charges 
of electricity which accumulate on a transmission line due to 
wind, rain, etc. and represents an electric displacement in the 
dielectric between line and earth. 


End-gap static. Discharges of amultigap arrester. On high- 
potential circuits a few of the series gaps at each line connec- 
tion are brilged by tiny sparks which give out a buzzing sound. 
The number of gaps bridged by the sparks depends on several 
factors—applied potential, relative capacity of each cvlinder 
to its adjacent cylinder and ground, and leakage through or 
over the surface of the supporting porcelain. 


Grounded neutral system, and non-grounded neutral system 
as applied to a transmission circuit are terms which are self- 
explanatory. А three-phase delta circuit may have an arti- 
ficial neutral made by the connection of auxiliary apparatus in Y 
relation, and this neutral may be groundel. The word neutral 
cannot be omitted in this expression without confusion with the 
continual lightning condition of an accidentally grounded phase. 


Forced oscillations. Forced electrical oscillations are os: illa- 
tions impressed on a circuit regardless of the free, natural, or 
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proper oscillations of the circuit. Alternations from a generator 
on a line are forced alternations. 


Resonance. If the forced oscillations have the same frequency 
as the natural oscillations of the circuit there is perfect resonance, 
or tuning, and both the current and potential will assume ab- 
normal values. 


Standing wave. A standing wave is to be distinguished from 
a traveling wave. A standing wave is caused by traveling 
waves moving in opposite directions and so timed that they 
pass each other always in the same relative position. The 
result will be nodes at certain points and anti-nodes at points 
midway between. The nodes remain at zero or normal 
potential, and the anti-nodes vary in potential from double the 
potential of a single wave in the positive sense to the same 
potential value in the negative sense. 


Rate of discharge is the current, / = 28. The rate of 


discharge is an important factor in connection with the resistance 
of a lightning-arrester. _ 
Acceleration of discharge is the rate of change of current. 


dl ао E 


Acceleration — ег The acceleration of discharge 


is an important factor in connection with the inductance of a 
lightning-arrester circuit. 


Recurrence. Recurrence 1s a convenient word to use to avoid 
confusion with the word frequency in a technical sense. The 
frequency (natural) of lightning may be about a million cycles 
per second, but the frequency of recurrence of lightning stroke 
may be expressed in minutes or months. 


Oscillogram. The tracings of wave-forms taken with an 
oscillograph. 


Multigap. Multigap expresses the condition of a number of 
gaps between conductors in series. 


Multipath. Multipath expresses the condition of a number of 
gaps or circuits in parallel. 


Multiplex connection. On а hghtning-arrester, this com- 
mercial term means that there are certain cross-connections be- 
tween phases of the arrester above the earth connection. These 
cross-connections may or may not have an appreciable resistance. 
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No-gap aluminum arrester. An aluminum arrester composed 
of a series of aluminum electrolytic cells connected directly to 
the lines without the intervention of any gaps. 


Gap aluminum arrester. Is the same as above except there is 
a gap between each phase wire and the cells to prevent the 
natural capacity current of the cell from flowing continuously. 


Graded resistance arrester. A trade term to express the form 
of multigap arrester according to the 1907 design. A number of 
resistance circuits of variable ohmic value are thrown in parallel 
across the simple multigaps. These resistance circuits have a 
common connection at one end and tap in at different points on 
the multigaps. 


Nature of lightning. In the A. I. E. E. PRocEEDINGS, May, 
1906, the writer gave a brief outline of lightning effects as a basis 
for a laboratory study of methods of measurements. Dr. C. P. 
Steinmetz has given a very complete classification of lightning 
on transmission lines* from the broad standpoint of the analyst 
of the phenomena. While it is necessary to keep in mind the 
classification according to the phenomena, it is more direct for 
the designer of protective apparatus to analyze according to the 
effect of the lightning on the insulation and the lightning-arresters. 
Regardless of the cause of the lightning, the arrester and insula- 
tion take into account in the two kinds of lightning, transitory 
and continual, only the three factors—the frequency, the dura- 
tion, and the potential of the stroke. 

The nature of lightning on electrical transmission has been very 
little studied by direct measurements, on account of the lack of 
specific instruments with which to make the measurements, the 
erratic appearance, the transitorv duration, and the danger in- 
volved. 


Frequency. By a study of artificial lightning rt can be demon- 
strated that a transmission line may be subjected to any fre- 
quency of electrical oscillation ranging from one-half cycle per 
hour (gradually accumulated static electricitv) to about a billion 
cycles per second. On many particular lines the frequencies of 
oscillations will exist probably in groups of harmonics. The 
first and lowest group starts with the generator frequency and 
runs up in odd multiples thereof to all the higher harmonics. On 
account of the impossibility of getting very abrupt changes of 


*PROCER DINGS ef A. T. E. E., March 1907. 
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magnetism in a generator (due to the relative permeability of 
iron and air) the upper harmonics from the generator wave very 
quickly become negligible. 

It is usual to assume that the fundamental wave of the 
generator will not attain an abnormally dangerous value on 
account of the limitation of the exciter voltage, but under the 
special condition of a short-circuited phase on a multiphase 
generator, the voltage of the phases not short-circuited may rise 
to a very dangerous value. Several years ago Mr. L. Robinson, 
at the suggestion of Dr. C. P. Steinmetz, took oscillograms of this 
condition of operation in some large generators and found a rise 
of 250%. This surge requires special attention in the application 
of lightning-arresters. 

The second group of oscillations starts with the natural 
period of the electrical circuit, including in its factors the in- 
ductance and capacity (static) of transformers, cables, overhead 
lines, choke-coils, and translating devices of any kind in the 
common circuit. There are also the upper harmonics of this 
‘group. The first group may overlap the second group. If any 
frequency of the first group coincides with that of the second 
group, then that particular oscillation of the second group is in 
resonance (or in tune) with the particular wave of the first group, 
and its free oscillation will be magnified until the natural energy 
losses of the oscillation are equal to the energy derived from the 
harmonic of the generator wave. 

The third group of oscillations includes those starting with the 
fundamental frequency of the transmission line or cable (not 
including the apparatus.) The line or cable may oscillate as 
one segment or any odd multiple thereof, giving thereby all the 
upper harmonics. 

The fourth group of oscillations may be designated as mis- 
cellaneous. In this group will fall such oscillations as those 
between the system and an isolated conductor. An example of 
this kind of oscillation is found in the multiyap arrester. Usually 
about a half-dozen gaps next to the line connection will have a 
spark-discharge across them continually. Each time the 
second cylinder is connected to the first, an oscillation is set up 
on the line, the results of which have been experimentally 
measured. 

The fifth group of oscillations comes from external sources and 
will oscillate independently of the line. In this group are the 
forced oscillations on the line derived. from cloud-lightning. 
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The natural frequency of cloud-lightning, not yet having been 
measured, is presumably determined by the static capacity of 
the part of the cloud that is discharged and the inductance of 
the discharge path between cloud and earth. Since both the 
inductance and capacity vary, the natural frequency of the 
cloud-lightning will also vary over a limited range. In this 
group come also the oscillations on a line from wireless tele- 
graphic signals and induction from adjacent transmission lines. 
If any of the oscillations of the previous groups are in tune or 
resonance with one of the fifth group, then such an oscillation 
may be enormously magnified. It is useless to speculate on 
whether or not cloud-lightning has any upper harmonics. 

Following is a summary of the five groups. 

First group. Generator frequency and harmonics. 

Second group. Natural frequency of the main circuit and 
harmonics. 

Third group. Natural frequency of the line circuit and 
harmonics. ; 

Fourth group. Miscellaneous oscillations. 

Fifth Group. Forced oscillations from an external source. 


Comments on the five groups. The generator and cloud- 
lightning are both sources of energv. The generator frequency 
is below any of the natural periods of the lines and therefore 
its fundamental wave is impressed on the line from end to end 
with only relatively slight modifications of form by inductance 
and capacity; the cloud-lightning frequency is unknown, but 
there 15 reason to believe that it may be of the order of 100,000 
to 1,000,000 and will consequently agree with some of the 
possible oscillations of the other groups. The oscillations 
on a line due to cloud-lightning are of a double nature; there 
are first the forced oscillations due to the natural frequency of 
the cloud discharge, and second the free oscillations of the 
charge left on the line. | 

1. These forced oscillations may be more or less magnified 
or nullified bv interference. Unlike the generator forced 
wave, the cloud-lightning forced wave may be far above the 
natural frequency of the line, and the whole line cannot rise 
and fall simultaneously with the cloud-lightning oscillations. 
There will be a succession of waves which will be partly re- 
flected from the ends of the lines, and the reflected wave 
traveling in the opposite direction will combine algebraically 
with the waves it meets. If the line is an odd multiple of 
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a quarter wave-length, two waves traveling in the opposite direc- 
tion will meet at a certain point on the line and will neutralize 
each other; the succeeding wave will do the same at the same 
point; consequently this point of the line will remain at constant 
potential. At a quarter wave-length in either direction on 
the line, the potential is changing its value at every instant 
as the waves cross each other. The result is that the potential 
will vary gradually and harmonically from zero to twice the 
original height of the traveling wave. This effect has been 
called a standing wave. It is variable in value of potential 
at every instant, but is fixed in its position on the line. Three 
positions of such a wave are illustrated in Fig. 1. A and B 
are two points on the transmission line. The dotted curve repre- 
sents the reflected wave, and the broken curve the standing 
wave. The point A is zero for all positions of the waves and 15 
therefore the node. The point B is zero 1n the top curves, 150% 
in the middle curves, and 200€5 of the traveling wave in the lower 
curve. 

If the length of the line is not an odd multiple of the quarter 
wave-length then the reflected waves cause a jumble without 
definite form. 

If the induction from the clouds is electromagnetic (horizontal 
lightning stroke parallel to the line) there is no resultant 
quantity of electricity on the line and the surges set up will die 
out gradually by loss of the initially imparted energy; but if the 
induction from the cloud is electrostatic there will be a definite 
charge of electricity set free and left on the line. 

2. The free oscillation. When a thunder-cloud over a line 
discharges, it may set free a charge distributed over the line 
according to the area of the liberated charge on the cloud and its 
position relative to the line. The length of charged line may 
be perhaps of the order of 1000 ft. to 5000 ft. If the line had 
sufficiently high resistance, this charge, when liberated, would 
spread over the line as a bucket of water flows when thrown 
into an empty trough. The line resistance in reality is almost 
negligible, consequently the energy of the charge will be trans- 
formed into electromagnetic energy and back, continuing 
to oscillate until the waves are damped out. Neglecting leakage 
to ground, this charge will finally have changed its position 
from the occupancy of the capacity of a short length of the line, 
to the occupancy of the total capacity of the line, and in conse- 
quence its potential will have decreased proportionally. Меап- 
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while the waves have traveled in both directions on the line, 
giving the possibility of a standing wave. 

We can examine the condition giving a standing wave by 
assuming a fictitious line 100,000 ft. long and the length of the 
line covered by the induced charge at 2000 ft. The quarter 
wave-length then 15 1000 ft. If the line is divided into imaginary 
1000-ft. sections, and if the liberated charge should so occur 
asto cover exactly two of these sections, the reflected waves 
would be so timed as to cause standing waves. If the charge 
were liberated in any fractional position of the 1000-ft. section 
the standing wave would be more or less destroved. 

Following out this line of reasoning, it is evident that a 
standing wave is a maiter of chance not only in the relative loca- 
tion of the liberated charge on the line, but also in the relative 
length of the charge to the length of the line. If this theory is 
true, strokes of equal potential mav vary greatlv in their re- 
sultant effects. 

There is an important condition of surge, involving probably 
all the first three groups mentioned above. This has been 
mentioned elsewhere as the grounded-phase condition. In 
this the generator is the source of energy, but it does not force the 
oscillation into the svstem. Owing to the grounded-phase condi- 
tion of capacity, the generator produces a static charge which 
is set free to vibrate by the making and breaking of the arc 
between the faulty phase and ground. The phenomenon 15 
somewhat analogous to putting a spring under tension and sud- 
denly releasing it. As with the spring, the electrical oscillations 
die out, but may be renewed a number of times during a half- 
cycle of the generating wave. An oscillogram of this condition 
is shown in Figs. P, S, and T, '" Methods of Testing Protective 
Apparatus," PROCEEDINGS, American Institute of Electrical Engi- 
neers, May, 1906. 


Duration of lightning. Nearly all lightning oscillations are 
individually of short duration. There is one notable exception ; 
namely, the continuous surges set up on one line from a parallel 
line (e. g. telephone circuit under a power circuit). All the 
transitorv surges have a logarithmic decrement of potential and 
current. The rate of decrease of the peaks of the lightning 
potential depends upon well-known laws; it is proportional to 
the rate of dissipation of the energy of the stroke. The energy 
of this electrical charge is dissipated in at least three ways; 
radiation, heat, and chemical transformations. 
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Hertz has shown that an open circuit is a good radiator of 
energy (wireless telegraphic waves) and therefore a poor oscilla- 
tor. On the contrary, a closed circuit is a poor radiator, but it 
will oscillate for probably several hundred cycles, provided the 
energy is not absorbed in resistance and arcs in the circuit. 
Hertzian waves are radiated only at extremely high frequencies. 
Lower frequencies radiate in the form of brush discharge only. 
There is an analogy to the hertzian waves in sound vibration. 
If the air is not struck with a quick blow, it slips around the 
vibrating material and does not send out a sound wave. A trans- 
mission circuit may oscillate as either a closed circuit or an 
open circuit. Line-to-line oscillations are examples of the 
former; line-to-ground oscillations of the latter. 

The line wires, as closed circuit oscillators, have a very low 
ohmic resistance and therefore, as far as this factor is con- 
cerned, a small decrement of voltage. If the oscillation is 
low enough in frequency to pass through transformers, the 
hysteresis and eddy losses in the iron will very quickly de- 
stroy the free oscillations. In each of these cases the energy 
of the electrical discharge is transformed into heat. 

In arcs, especially the liquid-electrode types, and when the 
oscillating current 1s passed through electrolytes, such as the 
aluminum-cell type, more or less energy is absorbed in chemical 
dissociation. 


Decrement. What is the best value of decrement? This 
question is open to discussion. The shorter the duration of the 
oscillation, the less will be the liability of damage to the insulation; 
or the quicker the lightning-arrester operates after the potential 
rises, the less the likelihood of damage to the insulation. 

Without going into mathematical refinements, the duration 
of lightning, as affected by logarithmic decrement, can be demon- 
strated by simple curves. The subject of oscillating current 
is thoroughly treated in a number of text-books, but there are 
certain specific conditions concerning lightning which make some 
of the general statements regarding the surges inapplicable to 
lightning on transmission lines. As an example, the general 
statement 1s made that with a fixed inductance, capacity, and 
quantity of electricity, the time of quickest discharge exists 
when the value of resistance 1n series 1s equal to the critical value 
"M d AL 


hne without lightning-arresters, and it is further from the truth 


This is not true for lightning on a transmission 
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for the lightning-arrester circuit itself. The duration of lightning 
on a transmission line without arresters will be shorter if the 
resistance (or its equivalent in other energy-absorbing power, 
as brush-discharge, electrochemical energy, etc.) is less than the 
critical value. The arrester is placed directly in shunt with the 
transmission apparatus, and although the surges on the line mav 
continue for a longer time with negligible resistance in the 
arrester, the potential across the arrester is reduced quickly to a 
safe value in spite of the longer duration of current. "The dura- 
tion of lightning is the time required for the potential to reduce 
to the safe value. "The relations are shown graphically in Figs 
2, 3 and 4. Fig. 2 shows two curves of a potential discharge 
when the only variable 15 the initial lightning potential. The 
resistance has a value above the critical value. The higher the 
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initial lightning potential in this case, the longer will bethe duration 
of the lightning. This corresponds to the discharge of lightning 
through an arrester or static discharger containing high series 
resistance. Fig. 3 shows two discharges, one non-oscillatory and 
the other oscillatorv; for simplicity these are given the same 
decrement. The resistance in the case of the oscillatory dis- 
charge is less than the critical value, and the duration of lightning 
is about the same as for the value of resistance above the critical 
value. 

Fig. 4 shows the condition of most rapid discharge of light- 
ning. The resistance lies between the two values of Fig. 3, 
but the rate of energy-loss is greater. The second half-cycle 
brings the potential to the safe value. If the energy is absorbed 
in electrochemical action, as in the aluminum cell, the energy 
loss 1s proportional to the quantity of electricity, and the re- 
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sistance may be zero without affecting the result. Further- 
more, the critical lightning potertial of the aluminum and 
liquid-electrode arresters will prevent the potential from rising 
above the safe value on the first half-wave. To obtain the same 
result at the multigap arrester terminals it must be possible 
to cut out all series resistance if the viciousness of the discharge 
demands it. The above discussion is made without reference 
to the dielectric spark-lag. 


Continual lightning. Recurrent surges. Although each light- 
ning surge is transient, in general there may be a succession 
of free oscillations with normal value of potential between them. 
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These recurrent surges result invariably; for example, from a 
grounded phase on an insulated Y or delta system and from 
a loose contact on an alternating-current trolley system. Asa 
rule, the duration of each surge cannot even be guessed at, but 
the total duration of the successive surges is limited only by 
the removal of thc condition which caused them. 


Potential of the surge. This subject is best treated under the 
two heads of transitory oscillations and continuous oscillations. 
In the case of free or natural oscillations there is always a 
loss of energy and a consequent decrement in the successive 
peaks of potential. The only method of measuring potential 
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in this case is by the equivalent spark-gap. Ifthe oscillations are 
sufficiently low so that a quarter-cycle is not greater than the 
dielectric spark-lag of the gap, the gap may be expected to be 
proportional to the potential. On the other hand, if the 
frequency is exceedingly high, or the drop of potential is rapid, 
then the gap will no longer measure the peak value of potential, 
but some lesser value of potential depending on the two fac- 
tors, spark-lag and logarithmic decrement of discharge. An 
illustration of this was given in a paper by the writer, (PRo- 
CEEDINGS of the American Institute of Electrical Engineers, 
May 1906) As a result of this condition the maximum poten- 
tial cannot be determined and the nearest expression is to state 
the equivalent spark-gap. This dielectric spark-lag, with some 
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types of apparatus, has a bearing on the problèm of protec- 
tion. The insulation to be protected has also a dielectric 
spark-lag, and while it may not puncture before the arrester 
releases the strain, it may nevertheless receive an injurious 
blow. If the insulation has the property of “ self-repairing ” 
the injury is transient. 

Continuous oscillations must be distinguished from recurrent 
oscillations. The needle-gap in parallel will apparently 
measure the potential in this case, but, continuous oscilla- 
tions occur very seldom in lightning-arrester work. If re- 
current surges follow each other in very rapid succession, it 
seems reasonable to assume that the equivalent necdle-gap is a 
close measure of the potential, but this condition of '' very rapid 


890 CREIGHTON: PROTECTIVE APPARATUS [June 25 


succession ” is too indefinite to be relied upon. In consequence 
we shall necessarily be limited in this case also to expressing 
the potential, not in volts, but in equivalent spark-gap. 


З. Nature and characteristics of the insulation to be protected. 
Tests of dielectric strength have been made for years on insulations 
with continuously applied potentials, applications ranging in 
time from one second up. Much of this information is available 
in published form. Tests of insulation with transiently applied 
potentials are meager. 

Under transiently applied potentials the three types of insu- 
lation—solid, liquid, and gaseous—have properties not shown 
by the tests of continuously applied potential. This difference 
results from both the dielectric spark-lag and the property of 
self-repair. Solid, liquid, and gaseous insulations differ in 
degree in these two characteristics. When the disruptive 
potential applied to the oil insulation 1s removed, the injury 
inflicted is gradually repaired, provided a slight circulation at 
least of the oil is possible. Oil has also a comparatively high 
dielectric spark-lag. Air has the property of self-repair, but its di- 
electric spark-lag is much less than that of oil. Solids, in general, 
have no self-repairing property but have a dielectric spark-lag 
lying between the values for liquids and gases. The character- 
istics of any insulation are studied by the same methods as 
lightning-arresters. These methods are given farther on. 

The spots most vulnerable to hghtning in electrical apparatus 
are the bushings to the leads, the end-turns, and the space 
between phases. Briefly stated, there are just two factors 
concerning lightning and insulation that should be known; 
namely, the potential, and the duration of its application at 
abnormal values. 


4. Characteristics of lightning-arresters. After what has pre- 
ceded, the qualities which an arrester must possess to protect 
insulation are fairly evident. The questions to be answered are: 

A. Is the equivalent needle-gap affected by the natural fre- 
quency of the oscillation ? 

B. By the rate and acceleration of discharge? 

C. Bv the quantity of discharge? 

D. What is the nature of the dynamic current suppressing 
device? 
fto single strokes? 
| to recurrent surges? 

F. Is there a dielectric spark-lag? 


E. What is the endurance 
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Before attempting to answer these questions by the designa- 
tion of tests, a review is made of the simpler tests described 
by the writer in the PRocEEDiNGs of the American Institute of 
Electrical Engineers, May 1906. To these tests some additions 
have been made. 


First test. Test of static discharger. This test is of less im- 
portance than those following. The source of energy in Fig. 5 
is a static machine. The equivalent spark-gap is the value 
of the gap G which causes the discharge to pass through the 
arrester. The spark-gap is necessarily a sphere-gap because 
the needle-gap will carry off the current of a small static ma- 
chine in brush-discharge as rapidly as it is generated, and thus 
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limit the potential to a small value. The condensers are some- 
times used as a convenience in observing the spark-distance. 
The report from the condenser-discharge cannot be confused 
with any brush-discharge. 

If the static-discharge has a high frequency, the measure- 
ment of the ohmic resistance will permit a calculation of the 
current flow at double the normal potential of the system. 
Double potential is here chosen, as in other similar cases to follow, 
with a specific object in view. For the present at least, it 
seems necessary to design the insulation of electrical apparatus 
with a minimum factor of safety of 2. Therefore 200% gives 
the discharge current at the limiting value of potential. There 
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is a more important reason for choosing 200% potential for 
the calculations. Some types of arresters, especially the elec- 
trolytic types, have a small current discharge at normal poten- 
tials, but have a critical value of limiting potential above which 
the current flows freely. Choosing 200% normal potential for 
the purpose of calculation brings out the desirable characteristics 
of these arresters. i 


Second test. Equivalent needle-gap at commercial frequency by 
step-up transformer. Fig. 6 shows the recommended connections 
of the transformer, arrester, and needle-gap. The presence of 
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insulation is not necessary, although it 1s sometimes desirable. 
The thickness and nature of the insulation, when used, is the 
same as the arrester 1s designed to protect. 

Two equivalent needle-gaps differing somewhat in value are 
obtained from this test. They are: 


a. Equivalent needle-gap (E.N.G.) by transformation. 
b. Equivalent needle-gap (E.N.G.) by needle-gap. 


The equivalent needle-gap bv transformation gives the po- 
tential of the fundamental wave, and the value by needle-gap 
gives approximately the peak of the superposed surges derived 
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from the various local oscillations of the high-potential circuit. 

There are three tests to be made, making six equivalent 
needle-gaps in all. 

First, condition, no grounded phase; switch S open. 

Second, condition, grounded phase; switch 5 closed. 

Third, condition, arcing ground, switch S arcing to maxi- 
mum length of arc. 


Third test. — Disruptive-stroke test. There are two simple 
forms of circuits which are recommended for this test. The 
principal difference between the two,lies in the use of a static 
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machine as a source of potential in one case, and a transformer 
in the other; see Figs. 7 and 8. 

In Fig. 7 the potential corresponding to the gap G is ap- 
parently the same as the spark potential obtained from tests 
with a transformer, and not the values corresponding to the 
direct-current potential. 

Fig. 81s a modification of the circuit used by Mr. Percy Thomas 
a number of years ago for starting the dynamic current across 
the arresters. The modification results from the different 
desideratum. The quantity sought is the equivalent spark-gap. 
It was found that the two gaps corresponding to the gap G and 
insulating the arrester from the transformer until the spark 
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jumped both gaps, caused variations in the equivalent spark-gap, 
according to the relative lengths of the two gaps. Some details 
of the tests which led to the adoption of this simpler circuit 
(Fig. 8) are given elsewhere in this paper. 

Method of disruptive stroke test with the static machine as 
source, Fig. 7. 

Choose a charging resistance of the order of a megohm and 
state its value if known. 

Before connecting the arrester to the circuit, make the equiv- 
alent spark-gap characteristic-curve of the charging resistance. 
This curve shows the limitations of the testing apparatus. 
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The abscissas of this curve are the lengths of the setting of the 
gap G, and the ordinates are the corresponding values of the 
needle-gap or sphere-gap Q, which will allow not more than one 
in ten of the strokes at G to pass over the Q gap. This curve 
once made, is good for all subsequent tests. 

Place the arrester in position, and take the equivalent spark- 
gap-characteristic-curve in the same way as for the charging 
resistance. 

The value of capacity to use in this test need not be stand- 
ardized. There is a certain minimum value of capacity which 
gives a discharge of sufficient energy to puncture the insulation 
which the arrester was designed to protect. The maximum 
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value of capacity which may be used is determined entirely 
by the size of the stati? machine. When the leakage through 
the condenser equals the current generated by the static machine 
it becomes impossible to raise the potential across the gap G 
to the spark value. For most of the tests the writer has found 
four one-gallon Leyden jars (two on each side) sufficient, and an 
upper limit of the gap G of 5 to 7 in. This apparatus will send 
a spark over about 200 of the 1/32 in. multigaps under the 
usual conditions of installation, and the number of multigaps 
may be greatly increased by using antennae wires near the row 
of gaps. 

The terminals of the spark-gap Q should invariably be con- 
nected to the terminals of the arrester. The natural frequency 
of the oscillation will be of the order of a million, and consequently 
a few inches of wire added to the arrester length will, іп тапу 
cases, add very materially to the value of the equivalent spark- 
gap. 

There are a number of variations of the circuit of Fig. 7 
which have been used in research work, but such variations 
would complicate the methods of test without a corresponding 
gain in the knowledge of the operation of the arrester. Some 
of the results of these variations are given elsewhere by the 
writer. The variations consist in making such changes as re- 
placing the charging resistance by a charging reactance of a 
high valte, and the introduction of reactance-coils in the cir- 
cuit at different points. 

Method of disruptive-stroke test with a transformer as source 
of potential. Fig. 8. The figure makes a description un- 
necessary. The same charging resistance and condensers may 
be used, and also the same gap G in the new location. 

The procedure is to set the gap G, and then increase the ex- 
citation of the generator (preferably of smooth wave-form) 
until G sparks and opens an automatic circuit-breaker. The 
excitation should then be slightly increased to overcome the 
effect of the: diclectric spark-lag which gives a gradual break- 
down of the air in the gaps when the voltage barely reaches the 
spark voltage. The excitation-circuit, resistance, and voltage 
are then held constant. The excitation-switch 15 then opened 
until the circuit-breaker 1s closed and then closed again--and so 
on for each discharge. 

The equivalent spark-gap-characteristic-curve is made in 
this case as in the preceding one. The other precautions are the 
same. 
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The upper limit of the capacity of the condensers which may 
be used, is determined solely by the size of the generating appara- 
tus. The capacity of the condensers should be stated in the 
report. 

The two methods using the same condensers, charging resist- 
ance, and values of G gap give somewhat different values of 
equivalent spark-gap. The method of Fig. 5, using the trans- 
formers gives the higher value. A plausible explanation of 
this may be found in the ionization of the needle-gap by the 


INDUCTANCE 


| 

| 

| 

| 

| 

| 

| 

! 
IINDUCTO- 
| RIUM. 
| 

| 

{ 

| 

І 

| 


Я «—— — INSULATION 


applied potential previous to the passage of the spark across 
the gap G. This does not occur in the circuit shown in Fig. ¢. 
Since the spark at the gap G (Fig. 8) always takes place at 
peak values, the рар Q is always ionized, whereas in transmission 
practice the generator potential may be at zero potential when 
the lightning stroke occurs. This feature is unfavorable to the 
use of the method of test, but the employment of a transformer 
with its greater energy capacity and availability will often offset 
the disadvantage. Оп the other hand, the equivalent needle-gap 
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so found will be at its highest value, since the needle-gap when 
it sparks, 1s ionized to a lightning potential corresponding to at 
least two or three times the normal line potential of the arrester. 
The arrester gaps are also somewhat ionized by the potential, 


Fourth test. The Tesla transformer test, Fig. 9. 

The natural frequency of this oscillation transformer is usually 
of the order of 100,000 cycles per second and the continual dis- 
charges are good imitations of continual lightning or resonant 
surges. 
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If it is desired to measure the equivalent sphere-gap by this 
method, the connections of Fig. 9 seem to be the most desirable. 
The procedure is to close the switch 5 and then elongate the gap 
at С until the arrester takes all the discharge. А needle-gap 
cannot very well be used at G, on account of the energy lost in 
brush-discharge from the points. 

The Tesla transformer is specially adapted to give the effect 
of continual lightning. The method of connection to the 
dynamic circuit is shown in Fig. 10. Condensers are used be- 
tween the Tesla transformer and the arrester to prevent the 
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short-circuiting of the dynamic-current through the high-potential 
coil of the transformer. The high frequency passes through 
these condensers as easily as through a straight wire, but the 
current at generator frequency is comparatively insignificant. 
The discharge circuit is arranged so that the current passes in 
opposite directions, thus lessening the tendency to choose the 
path through the power transformer. This tendency is still 
further minimized by connecting the condensers to points on 
the arrester somewhat away from the ends. These points of 
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connection are determined by trial, the desideratum being to get 
a uniform continual discharge through the entire arrester. 


Fijth test. Half-wave test (Fig. 11). This test for equivalent 
spark-gap is of great importance as it brings out the sensitiveness 
of the arrester to the first impulse. Ап '' induction-coil "" gives 
the same kind of discharge in rapid succession and may be used 
up to the limit of its capacity, instead of the power transformer 
of Fig. 11. The energy in the induction-coil is limited to a small 
value, and the observer must assure himself that the energy is 
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sufficient to give the correct value of equivalent spark-gap. The 
variations of equivalent spark-gap are demonstrated in the tests 
given in the appendix of this paper, and are made evident by 
varying the value of direct current in the primary. 

In making this test the record should contain statements of 
the kilowatt capacity of the transformer, the ratio of trans- 
formation, and the nature of the primary circuit (battery or 
dynamo and the total resistance of the primary circuit). Care 
should be taken to hold the switch in the primary closed long 
enough to allow the direct current to rise to its full value. 

If a spark occurs at the needle-gap on “ make " a flaring arc 
is formed, which with the 50-kw transformer has sufficient 
energy to melt the points of the needles. The '' break " gives а 
higher potential and forms only a spark; consequently it is more 
convenient to use. 

Equivalent spark-gap of resistances and closed-circuit ap- 
paratus cannot in general be obtained by this method, since the 
presence of such a closed connection on the secondary prevents 
the rise of potential to high values. 


Sixth test. Endurance test. The endurance of an arrester 
depends on the nature of the dynamic current-suppressing device. 
There are two factors concerning this device to be determined. 
The first is the action due to transitory lightning. What is the 
nature of the suppressing device; the time required to suppress 
the dynamic, and the maximum current discharge? 

The second factor is the action due to continual lightning 
when the current-suppressing device is brought into continual 
action. Is this suppressing ability diminished by the passage 
of the dynamic current? 

Oscillograms of the current and voltage during discharge will 
give, with most types of arrester, enough information to make 
a fair answer to the questions of the previous paragraph. The 
oscillograms will show: 


a. The duration of the dynamic current and the point of ex- 
tinction when the instant of starting the current 1s varied. 

b. The voltage across different parts of the arrester. 

c. The maximum value of current of the test. 

d. If the arrester did not drop the potential of the circuit, a 
generator of infinite kilowatt capacity could not have done 
more. If the arrester did drop the potential of the circuit, 
oscillograms will show where the potential was absorbed, and 
variations of the current of the test will show the law of relation 


900 CREIGHTON: PROTECTIVE APPARATUS [June 25 


of current to impressed voltage. From this information the 
current flow for any size of generator may be determined. 
If the arrester is designed for transitory lightning only, the 
endurance 1s determined by sending discharges at intervals of 10 
to 20 seconds until the arrester is seriously damaged or inopera- 
tive. 

If the arrester is designed for continual lightning, the 
endurance is determined by sending a continual discharge from 
some auxiliary device, like the Tesla transformer, over the 
arrester until serious damage to the arrester or short-circuit to 
the apparatus results. 

An attempt is made below to outline the methods of test 
which will give answer to the questions at the beginning of the 
section marked '' 4th consideration." 


A. Natural frequency. The effect of a variation in the natural 
frequency of the oscillation on the equivalent needle-gap may be 
demonstrated, in general, by a comparison of the values ob- . 
tained from tests numbers 1, 2, 3, and 5. The first test with 
high-potential direct-current is not alwavs available. Static 
machines furnish a very small current; the leak over most 
arresters is sufficient to absorb the charge on the static-machine 
plates as rapidly as it 1s generated, and consequentlv prevents 
the rise of potential across the terminals of the machine. A 
sphere-gap must be used instead of the needle-gap, on account 
of the line discharge from the latter. Where mercury rectifiers 
are obtainable, high-potential direct-current may be obtained in 
greater values. This test is usuallv not necessary as the second, 
third and fifth tests give suthcient data, as a rule, to demonstrate 
the characteristics of the arrester. Applications of potentials 
at alternator frequencies of 16 to 60 cvcles (test No. 2) give the 
actual spark potential both bv transformation and by equivalent 
needle-gap. The third test gives natural frequencies, easily 
regulated to values of a million per second or more. The equiva- 
lent needle-gap will usually differ from the values obtained in 
test No. 2. 

In both tests, No. 2 and No. 3, the potential is applied during 
several cycles of the oscillations. It has been found that some 
arresters do not discharge easily during the first half-cycle of 
the oscillation. Through considerations of the dielectric spark- 
lag and frequency, this characteristic affects the protective value 
of the arrcster. Test No. 5 (half-wave test) brings out this 
characteristic. By inductive reasoning it can be shown that an 
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arrester which has a half-wave equivalent spark-gap much 
greater than the disruptive-stroke equivalent spark-gap 1s not a 
good protector for low-frequency strokes. If the arrester does 
not spark over its gaps during the first half-wave, the insulation 
in parallel will be punctured unless the time of the first half-cycle 
of oscillation is less than the dielectric spark-lag of the insulation. 
In other words, such an arrester may give good protection at 
exceedingly high frequencies but decreases in protective value as 
the frequency of the lightning surge happens to be lower. 

Summarizing, we have for the study of frequency effects on 
the arrester that: 


Test No. 1 (direct-current static) 1s usually unavailable and un- 
necessary. 

Test No. 2. Alternator gives two equivalent needle-gaps. 

a. The needle-gap corresponding to the voltage by trans- 
formation (no arrester connected to the terminals). 

b. The equivalent needle-gap as actually measured in parallel 
with the arrester. 

Test No. 3. (Disruptive stroke) gives two equivalent spark- 
gaps, one for each test. 

c. The equivalent needle-gap of suddenly applied potential 
(alternator as source), arrester energized previous to stroke. 

d. The equivalent needle-gap of suddenly applied potential 
(static machine as source), arrester not energized previous to 
stroke. 

The form of the equivalent needle-gap characteristic curves will 
usually give information concerning the effect of frequency by 
inductive reasoning. 

Test No. 5. (half-wave test) gives one equivalent spark-yap. 

е. Equivalent needle-gap which shows the sensitiveness during 
the early part of any surge. 

B. Effect of rate and acceleration of discharge on the equivalent 
needle-gap. The rate of discharge is the value of the current 
carrying off the quantity of electricity which causes the strain 


on the insulation. Mathematically it is expressed as 
ДО dv 
[=->-=C 
dt dt 


It is the rate of decrease in the quantity of electricitv, or it is 
the rate of decrease of potential. It is evident that the higher 
the rate of discharge, the less will bethe hability of damage to the 
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insulation. The rate of discharge (that is the current) varies in- 
versely as the resistance in the circuit. The effect of the rate 
of discharge, as affected by resistance, is shown by the equivalent 
needle-gap characteristic-curve of the resistance of the arrester, 
especially using the disruptive-stroke test. 

Before an arrester can have a rate of discharge (current) 
there must be an increase of current from zero (or normal) to 
the value considered. The rate of this increase is the accelera- 
tion of the discharge. Even if the final rate of discharge is 
high, it will be of little avail if it requires a relatively long time to 
reach the condition of rapid relief. The aceleration of discharge 
is the rate of increase of current. Mathematically it is expressed 


as 1 = y when V is the potential of the lightning and L the 
inductance of the arrester in the path of the lightning. Since 
the potential of a lightning stroke on a line cannot be controlled 
or limited in any way except by overhead grounded wires or 
materials, the factor of inductance of the arrester must be 
reduced to its minimum possible value. Since the inductance 
of an arrester is normally very low, it will cause no appreciable 
voltage effect except at very high frequency, therefore the high- 
frequency disruptive test (No. 3) should be used to measure the 
inductance. In order to eliminate the other involved factors 
viz., dielectric spark-lag and rate of discharge, a wire 
of good conductivity may be carried over the contour of 
the arrester circuit and the equivalent spark-gap of this induct- 
ance taken. This equivalent spark-gap is inversely proportional] 
to theacceleration. In general, arresters have negligible induct- 
ance as compared with the inductance of the earth connection. 


C. Effect of the quantity of lightning discharge on the equiva- 
lent spark-gap. It should be noted that in this the quan- 
tity of dynamic electricity is not included. The quantity 
of dynamic electricity which follows the lightning stroke 
produces an effect on the endurance and arc-extinguishing 
power and should be considered under a different head. If 
the dynamic discharge causes the lightning surge, the quan- 
tity of electricity involved in the excess potential comes under 
this head. 

The effect of quantity of electricity was incidently involved 
and discussed under rate and acceleration of discharge. 

There are three means of increasing the quantity of lightning 
electricity: 
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1. By keeping the capacity constant and increasing the 
potential. 

2. By keeping the potential constant and increasing the ca- 
pacity. | 

3. By maintaining a current at high potential and allowing 
it to flow for a time. Q = It. 

If the increased quantity of electricity 1s obtained. by an 
increase of potential, the duration of abnormal potential will be 
extended, since the logarithmic decrement remains the same. 
If the increased quantity of electricity is due to increased 
capacity, the natural frequency of the oscillations will be lowered 
inverselv, proportionally to the square root of the capacity. 

Increased quantity by increase of time requires the applica- 
tion of continuous power. 

The quantity of lightning electricity which may be generated 
in a laboratory 1s usuallv small as compared with the induced 
stroke on a transmission circuit, but not always. The usual 
criticisms of laboratory tests are based on this fact. This con- 
dition is unfortunate, but does not prevent reasonable deduc- 
tions from laboratory tests. For example, if increasing quan- 
tities of electricity up to the laboratory limit are used, and the 
equivalent needle-gap of arrester (.X) continues to rise with the 
increasing values, it seems safe to conclude that any greater 
quantity on the Jine will give a still higher equivalent needle- 
gap. If the equivalent needle-gap of an arrester (Y) remains 
constant for all available values of quantity in the laboratory, 
the conditions on the line discharge will be more favorable to 
Y than to Х, to say the least. 

The equivalent spark-gap characteristic-curve taken with 
either the disruptive stroke test (No. 3) or the half-wave test 
(No. 5) will show effects of the increase in quantity of electricity. 
In test No. 3, the quantity may be increased by an increase in 
potential obtained by drawing out the С gap, or it may be in- 
creased by using larger condensers. In the second case the po- 
tential may be left constant, but the natural frequency of the 
discharge is somewhat lowered, according to the formula 


и = : 
2 VLC 

The quantity of electricity in the half-wave test depends on the 
electromagnetic circuit, dimensions, and on the value of current 


in the primary. Greater quantity, then, may be obtained by 
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choosing a larger transformer or by increasing the value of the 
direct current. 

The only known way of reducing the quantity of cloud- 
lightning charge on a line is by means of an overhead grounded 
wire or other overhanging material. 

D. What is the nature of the dynamic current-suppressing 
device? To make this definite some of the known devices are 
herewith enumerated. 

1. Arc suppressed by rectifving quality of zinc; example, 
multigap arrester. 

2. Arc suppressed by elongation of the arc to extinction; 
example, horn gap, magnetic blow-out, and movable plunger or 
electrode. 

3. Arc suppressed by increase of resistance; example, con- 
glomerate materials, analogous to coherers. 

4. Arc suppressed by counter electromotive force; example, 
liquid electrode. 

5. Arc suppressed by fuses in series. 

6. No arc to suppress; dynamic limited by condenser effect. 
Example, aluminum cell without series-gaps. 

There are at least three features about the dynamic current- 
suppressing device which should be determined experimentally. 

a. Does the device for the dynamic current also restrict 
the flow of the lightning current in any way? 

b. How long does the device require to extinguish the dynamic 
current? | 

€. Does the extinguishment of the dynamic current set up 
secondary lightning surges on the system? 

To answer question (a) the equivalent spark-gap should be 
taken under the widest range of conditions possible in the 
laboratory. 

To answer question (b) a study of the oscillograms of the 
discharge is necessary. 

To answer question (c) some knowledge may be gained bv 
arcing 1n connection with inductances and capacities of variable 
proportions. Even line tests are feasible, using protected 
needle-gaps at different points to measure the rise of potential. 
Oscillograms will sometimes give an indication of surges, or 
possible surges under more favorable conditions, in the form of 
a sudden decrease of current. 


E. Endurance of the arrester. Two conditions of endurance 
corresponding with the service conditions should be recognized. 
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1. Endurance to transitory lightning strokes at stated 1п- 
tervals. 

2. Endurance to recurrent surges. 

From observations of a number of thunder storms the general 
conclusion has been reached that two strokes of cloud-lightning 
follow each other either in rapid succession, one setting off the 
other, or only after an interval which may be reckoned in several 
seconds or minutes. The time between strokes will vary 
with the storms, but an interval of three to ten minutes was 
usual in one locality. 

Starting discharges over an arrester in a laboratory test at 
intervals as great as three minutes, would make an endurance 
run of inconveniently great length. An arrester recovers from 
a stroke of lightning quickly, and it is necessary to give sufficient 
time only between strokes to dissipate the energy loss in the 
arrester. In most cases an interval of 10 sec. is sufficient to 
dissipate the heat, but in a number of cases the writer has used 
4 sec. with a total endurance of 10,000 strokes. 

If the arrester is intended only for intermittent lightning 
strokes, the only rule that can be adopted is to make the in- 
terval sufficient to avoid damaging the arrester bv carrying the 
effect of one stroke over to the succeeding one; such an arrester 
should be capable of successful operation also when the strokes 
come in pairs, the interval between the two strokes of each pair 
being in the range of one to ten cycles of the generator frequency. 
In the test record the interval should be noted. 

If the arrester is designed for recurrent surges, its endurance 
is expressed in the number of minutes it will carry the con- 
tinual train of discharges until the arrester no longer protects 
or 1s inoperative. Going out of operation may be the result 
of total destruction, destruction of some essential part, or in- 
crease of equivalent needle-gap to a dangerously high value. 


F. The dielectric spark-lag. Although there are no commer- 
cial methods of measuring the dielectric spark-lag sufficiently 
developed to present at this writing, the subject is too important 
in lightning protection to leave without mention. Progress 
in the development of protective apparatus requires a recog- 
nition of its existence, and a further study of the cases where 
the dielectric spark-lag of an arrester involves a danger to 
the insulation. Any arrester involving the use of a gap in series 
has a dielectric spark-lag. Thus eliminating other defects, 
dielectric spark-lag is dangerous wherever it 1s possible to injure 
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normal insulation placed in parallel with the arrester bv sub- 
jecting both simultaneously to any kind of a lightning dis- 
charge. The converse of this statement, that the failure is 
due to the dielectric spark-lag only, is evidently not true. 
Each case must be discussed on its own merits based on the 
previously mentioned tests. The use of one or more series gaps 
necessarily involves a value of dielectric spark-lag. In reporting 
on the lightning-arrester it 1s necessary, for the present at least. 
simply to state whether the arrester has or has not series gaps; 
the use of series gaps does not condemn the arrester, although 
it is a distinguishing feature. 

As a brief summary, recommendation of tests of lightning 
arresters should include at least the following: 

1. The equivalent spark-gap characteristic-curve by the dis- 
ruptive-discharge test. 

2. The equivalent spark-gap at generator frequency. 

3. The maximum discharge current at normal voltage and 
at double normal voltage. 

4. The half-wave equivalent spark-gap. 

5. The endurance of the device. 

The principal protective apparatus to be considered areas follows: 

1. Lightning-arresters. 

The choice of arresters will usually lie among the four following 
types: 
. Multigap arrester. 
Aluminum arrester (no-gap type and gap-type). 
Liquid-electrode arrester. 
. Magnetic-blow-out arrester. 
Lightning-arrester choke-coils or reactances. 

3. Overhead grounded wires one or more, with or without 
lightning-rods. 

4. Overload switches, either single-phase or multiphase. 

5. Insulator protectors, horns or gaps, with or without fuses. 

6. Static dischargers. 

7. Earth connections. 

$. Horn arresters with resistance. 

The classifications of the circuits to be protected are as follows: 

1. Constant-potential alternating- 
V grounded neutral 
| non-grounded neutral. 
2. Constant-potential alternating- 


( grounded netral 
| non-grounded neutral. 


о ёс са 


current overhead svstems 


current cable system 
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3. Constant potential direct-current systems. 
4. Constant-current systems. 


Comments on the protective apparatus. a. The multigap ar- 
rester has been used for years, and has been described and dis- 
cussed elsewhere down to the latest designs. Its excellent 
qualities for discharging transitory lightning are well known. 

b. The aluminum arresters are particularly well adapted to dis- 
charging continual lightning. They do not replace the multigap 
arrester, but complete the protection of a svstem by taking 
care of lightning which endangers the multigap arresters. Nearly 
all cases of destruction of the multigap arresters of the old 
design have been due to continual lightning. Every constant- 
potential system should have at least one installation of alumi- 
num-cell arresters. This arrester is preferably installed on the 
bus-bars so as to take care of all feeders, and the multigap ar- 
rester on the feeders outside the switches for protection of the 
particular feeders. The aluminum arrester is a winter and sum- 
mer arrester, as continual lightning is not directly due to cloud- 
lightning. The two types of aluminum arresters are the no-gap 
and gap types. The gap tvpe is the cheaper and has a less 
maintenance expense, but the no-gap tvpe is more effective. 

c. The liquid-electrode arrester is recommended for poten- 
tials above 35 kilovolts, where the design of a multigap arrester 
is difficult. 

d. The magnetic blow-out arrester has been used for several 
years. It 15 adapted to constant-potential direct-current 
systems. 

2. Lightning-arrester choke-coils or reactances have the 
function of retarding high-frequency lightning traveling toward 
the station. This retardation gives the lightning-arresters 
time to relieve the lightning potential before it strikes the 
apparatus. This high-frequency lightning seems to come in- 
variably from cloud-lightning, therefore the installation of 
choke-coils on the cable svstems is unnecessary and not to be 
recommended. In many cases the installation of good lightning- 
arresters both inside and outside choke-coils :s to be recom- 
mended. 

3. Overhead ground wires. If a wire be placed underground 
it is protected from the static charge of cloud lightning. If 
the insulated wire 1s simply placed in a metallic sheath and hung 
overhead it 1s still protected from electrostatic charges from the 
clouds. Both these methods are often impossible of employ- 
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ment on account of the unjustifiable expense involved. The 
next best thing to do is to put the ground over the line wire. 
The farther above the line wire the grounded wire is placed, the 
better is the partial protection. Dr. Steinmetz recommends 
that an overhead grounded wire be so placed that two imaginary 
lines drawn from this wire 45° down from the horizontal will 
include all line wires between them. Each additional overhead 
ground wire, properly placed, gives some additional protection 
against induced static electricity from the clouds. The invest- 
ment is the controlling factor in the choice. 

The overhead grounded wire also has the function of pro- 
tecting wooden poles from shattering by direct stroke of cloud- 
lightning. It also has the possibility of carrying a direct stroke 
of cloud-lightning to ground past the line wires without shatter- 
ing theinsulators or causing a short-circuit. More data regarding 
this point are needed. 

Lightning-rods at each pole add a slight probability that a 
direct stroke will strike at the pole and not between poles. 

If the overhead grounded wire is earthed at every pole, direct 
strokes of lightning are likely to find a more direct path to 
earth. The wave-front of a direct stroke is usually so steep 
that the charge finds the natural inductance of the horizontal 
wire a great impedance, and consequently it is likely to side- 
flash to other lines and also over insulators to its natural terminus, 
the earth. If the earth connection is made at every third pole 
there are of course more chances that a direct stroke will hit 
a midway point and have a greater distance to travel parallel to 
the line wire before it reaches the earth. The parallel movement 
of the charge gives electromagnetic induction on the power 
wires. Practically all reports of damages to lines by direct 
strokes confine the line damage to about seven successive poles. 
This fact is suggestive. 

4. Overload switches are a part of the protective apparatus, 
especially on grounded neutral systems. Multiphase switches are 
usually installed and are to be recommended on all systems, 
like a cable circuit, where a short-circuit between phases follows 
quickly after a short-circuit from phase to neutral. On overhead 
grounded neutral svstems, phase-to-phase short-circuits are less 
likely to occur, and consequently if three single-pole switches 
are used, the phase short-circuited may be opened automatically, 
and the load, if not excessive, may be carried on the remaining 
two wires with a ground return for a time. 
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5. Insulator protectors. An insulator protector is a single 
gap or horn gap placed beside the insulators and set with a gap- 
length such that a spark will just prefer to jump the gap to 
arcing around the insulator. The insulator should be in its 
wet condition. The use of this protector is based on the principle 
that if the arc must take place at the insulator, due to any high 
potential, it will guide the flames so that the insulator will not 
be cracked by the heat. The arc is then interrupted either by 
a fuse or by automatic trip-switches in the station. If no damage 
is done to the generator or transformers, the line can be im- 
mediately put back into service. Otherwise the hne is out of 
service until the linemen locate and repair the damaged insulator. 
On most alternating-current railway circuits a momentary in- 
terruption of service is not very objectionable. 

There are some evident objections to the use of the insulator 
protector. 

In general, every electrical system should have some lightning 
protection. There is a certain minimum of protection below 
which it is not advisable to go. The amount of protective 
apparatus above this minimum will depend primarily on the 
value of the transmission apparatus and the value of continuity 
of service. Since there is a uniformity in these valuesin the 
various installations throughout the country, there is consequently 
a general uniformity of practice. There are, however, many 
special cases which require the careful consideration of every 
device described above. Such examples are found in large 
factories and industries depending entirely on continuity of 
electrical power, also in large lighting plants in cities. Thor- 
oughly efficient protection is not much more expensive than 
partial protection, and is cheaper than carrving duplicate 
plants and apparatus. in addition to the repair bill and almost 
inevitable interruption of service when apparatus is destroved. 
Arresters are of the nature of insurance. А reasonable per- 
centage of the cost of the apparatus, cables, lines, etc., with 
the factor of the cost of repair of each kept in view, should be 
added to the monetary value of continuity of service. The 
sum thus found should be the limit up to which it is justifiable 
to make expenditures for protection and inspection. 


Recommendations for protection of electrical plants їп general. 
These recommendations will vary with the class of circuit to be 
protected. 

1. Constant potential alternating-current overhead systems. 
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The first consideration 15 the question of connecting up 
grounded neutral or non-grounded neutral (this includes straight 
delta connection). The answer is somewhat influenced by the 
kilowatt capacity of the generating apparatus and the muki- 
plicity of the circuits. In general it may be stated that the 
distinguishing troubles on a non-grounded neutral system are 
primarily potential or internal-lightning troubles; these mav 
finally result in a short-circuit which becomes a current trouble. 
On the other hand, in the grounded neutral svstem the initial 
trouble is usually a short-circuit which may become an internal- 
lightnng surge when the abnormal current is suppressed. 
Until the advent of the aluminum arrester there was no way of 
taking care of the continual lightning on a non-grounded neutral 
svstem, due to a phase becoming accidentally grounded, and 
consequently practice has been favoring the grounded neutral 
connection. It seems safe to predict that the non-grounded 
neutral connection will now become more favored on account of 
the possibility of operating for an indefinitely long time with a 
grounded phase. | 

Insulators often fail one at a time, and such failure causes a 
short-circuit in the grounded neutral connection. The subject 
of overload-switches has already been discussed above. 

On a non-grounded neutral svstem the aluminum arrester is 
absolutely essential. On a non-grounded neutral system it is 
advisable to use an aluminum arrester to take care of the pre- 
liminary continual oscillations which sometimes precede a short- 
circuit, and afterwards to take care of the low-frequency energv 
surge that sometimes results from the interruption of the short- 
circuit current. In the case of multiple circuits an aluminum 
arrester in a station may be used, connected directly to the 
bus-bars. Multigap or other arresters for transitory lightning 
should be installed on each line or feeder, and lightning choke- 
coils should be used in each phase between the arrester and 
bus-bars. Line arresters should be used on the line at high 
altitudes, exposed lengths, fractional multiples of the line 
length to catch standing waves, and in the usual path of thunder 
storms. Transitory lghtning-arresters should’ be installed 
on all incoming and outgoing lines in conjunction with choke- 
coils in every sub-station. An aluminum arrester is probably 
unnecessary, in general, in each sub-station, but in some cases ii 
will be advisable to install another arrester at the extreme cnd 
of the line, 
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When low-potential svstems are fed from high-potential 
systems special precaution should be taken to prevent the 
destruction of the arrester, and then of the low-voltage apparatus 
over the entire system by the accidental impression of the high 
voltage on the low-voltage system. This may happen either 
through electrostatic induction or direct connection of the 
two systems. Continual and continuous lightning are pro- 
duced on the low-voltage svstem. The multigap arrester without 
series resistance will short-circuit by welding the cylinders 
and thus save the apparatus. Ап aluminum cell will take 
care of this condition without interrupting the service, 
but the arrester must be of special design, as it may have to 
Operate continuously at its critical voltage until the fault 
is removed. If it is only electrostatic induction through the 
step-down transformers the design is easy, but if it is a direct 
connection between one phase of the high-potential system and 
the low-potential system, the aluminum cell must be capable of 
carrying the condenser current of the high-potential line until 
the fault is removed. 

One substantial overhead wire well-grounded is a justifiable 
investment on nearly all overhead systems. Two driven iron 
pipes as earth connections are recommended, or one pipe and 
the usual wire to the bottom of the wooden post. Using large 
copper plates buried in the earth is as a rule unnecessary. 


Larths. Make an earth connection as near the arrester as 
possible, even if it must be a relatively poor earth, then extend 
the earth connection to two good earths. It is advisable to 
measure the ground resistance each year before the thunder 
storms appear and to be assured that it is low. 


Constant-potential cable systems. The choice of grounded ornon- 
grounded neutral 1s again up for choice, as the conditions in a 
cable svstem are quite different from those of an overhead svstem. 
froma protecting standpoint the difference lies in the fact that the 
phases are as a rule throughly isolated from one another in the 
overhead svstem, and an are fed by the capacity current of the 
line can play from one phase to ground without affecting the 
insulation between phases, but in the cable the capacity currents 
are much greater, and an arc from phase to ground quickly 
melts and burns away the insulation between phases. In the 
usual multiple-feeder system there is not time in this short 
interval to locate and disconnect the faulty feeder. Since a 


612 CREIGHTON: PROTECTIVE APPARATUS [June 25 


short-circuit is to result anvway and open the circuit-breaker, 
practice has favored the use of the grounded neutral connection. 
This avoids most of the continual surges due to a grounded phase 
on a non-grounded neutral. The aluminum arrester will protect 
against.the continual surges, and if there are only a few feeders, 
some evident advantage mav be gained by using the non- 
grounded neutral connection. 

The circuit should be broken as quickly as possible after an 
arc starts, or the heat from the flame will cause widespread 
damage to adjacent cables and wires. This is especially true 
on large, high-current systems where even normal current 
could quickly burn up considerable cable. The engineer should 
take note of the effect of the heat of an accidental arc and use non- 
inflammable separations for the cable. Asbestos covering or 
brick barriers are to be recommended in manholes or at terminal 
bells. 

Unless there is some special reason for not doing so, the cable 
sheath should be thoroughly and frequently earthed. It is unde- 
sirable to make the sheath carry currents of fusing values, or 
to allow even a small arc to play upon the sheath to the earth 
in anv spot, especially where inaccessible. 

Except the transitory hghtning due to switching, all surges 
on a cable system are continual. Therefore the multigap, 
or any other arrester involving an arc in the discharge, 
is not so well suited for this system as the no-gap aluminum 
arrester. No choke-coils need be used on a cable system. 


Mixed cable and overhead system. The only addition to 
What has been said of each system is the statement of the 
advisability of installing arresters at the junction point of the 
two systems. 

4. Constant-potential direct-current systems have been sat- 
istactorily protected bv the single-gap arrester, notably the 
magnetic blow-out type. In the future it is probable that the 
no-gap aluminum arrester will find an application where cloud 
lightning 1s especially severe and where the conditions warrant 
the extra expense. 

5. On constant-current systems the peculiar conditions 
permit the use of a simple horn gap with a suitable series re- 
sistance. 

Although this paper has been carried to an unusual length, 
not all the salient features of each subject treated have been 
discussed, It is hoped, however, that enough has been said 
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to assist in bringing the practice in protective appara- 
tus out from the somewhat indefinite speculative stage and to 
establish the foundation of methods and tests which will place 
the engineering on the same reasonable basis as that of other 
electrical branches. 
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PRACTICAL TESTING OF COMMERCIAL LIGHTNING- 
ARRESTERS 


BY PERCY H. THOMAS 


Introductory. ` The question as to what tests for commercial 
lhghtning-arresters might be properly incorporated in the stan- 
dardization rules of the American Institute of Electrical Engi- 
neers has lately been considered by the Standardization Com- 
mittee. The committee finally decided not to adopt any light- 
ning tests in the new edition of the rules adopted June 21, 1907. 
However, the sub-committee on lightning-arresters hopes to 
get a full consideration of the subject for the benefit of a later 
Standardization Committee. The present paper, together with 
another paper on the same subject by Mr. E. E. F. Creighton, is 
prepared at the request of the sub-committee to serve as a basis 
for discussion. As no lightning-arrester tests have ever been 
included in the standardization rules the initial treatment should 
now receive especially careful attention. 

Some idea of what constitutes suitable subject-matter for the 
standardization rules of the Institute must be assumed at the 
outset. It is the opinion of the writer that the purpose of the 
standardization rules should be to give such directions and in- 
formation for the comparison and test of commercial lightning- 
arresters as may be likely to be of general practical use, and 
which are of such a character as to be generally agreed to and 
accepted by engineers having experience with the use or design 
of lightning-arresters. This subject-matter need not be limited 
to specific tests or specifications, but may properly include 
general considerations, suggestions of forms of making tests, of 
apparatus, etc. Individual personal opinions, as to the superi- 
oritv of particular designs of arresters, specific tests about the 
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value of which there is not a general agreement, untried tests, 
and, in general, purely theoretical considerations should be 
omitted. 

Research work covering the effects of various conditions on 
the performance of lightning-arresters, the investigation of 
really new types, forexample, electrolytic arresters; and the best 
conditions for determining the detail of designs, etc., 1s of great 
importance and should be actively encouraged. But such 
matter properly finds no place in the standardization rules. 

All information and tests embodied in the standardization 
rules must be sufficiently general to be applicable under all 
conditions within their terms; for example, a test applicable 
only to high-voltage alternating-current arresters should not be 
recommended in such broad terms as to be applied to direct- 
current railway arresters. 

This matter must be capable of being readily understood bv 
any electrical engineer having experience with plants, likely to 
require the lightning-arresters under consideration. No such 
person should be expected to have to make a special investigation 
of new types of apparatus or new method of test to carry ouf 
the rules. All rules should be such as not to favor any particular 
manufacturer's apparatus. 

Tests may be made to determine: 


1. The condition of individual arresters. 
2. The effectiveness of a particular design. 
3. The characteristics of different types. 


In general there will be little occasion for testing the condition 
of individual arresters, since inspection will usually reveal any 
defects in the materials or construction. The relative ad- 
vantages of the different broad tvpes of arresters will in most 
cases be determined by general consicCerations and consensus of 
opinion, rather than by definite tests. It is therefore with in- 
dividual designs that practical tests on commercial arresters will 
be found most useful, and here such tests will be of very great 
benefit. For example, from time to time new commercial 
arresters appear, advocated by comparatively irresponsible 
persons. These arresters verv often have little protective value. 
Such arresters, especially on lower voltages, although thev are 
bv no means confired to such voltages, find a ready sale entirely 
independent of their merits, and the more frequently, since 
engineers of Jow-veltace plants are often not at all familiar with 
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the lightning-arrester problem. If a standard test generally 
accepted and capable of easy application can be determined, the 
detection of such practically worthless arresters will be acom- 
paratively easy matter. Similarly, the necessity of commercial 
trials on a large scale of special forms of high-tension arresters 
which have a very limited protective power, may be eliminated 
bv suitable comparative tests. Again, if generally accepted 
tests were at hand for the criticism of commercial arresters, 
the designs of many of these arresters would undoubtedly be 
overhauled and perfected so as to appear to advantage under 
such tests. If the tests were wisely chosen a distinct advance 
in the art would follow. 

In testing the effectiveness of individual designs, one of the 
most important features to be determined is the insulation 
strength of the apparatus to resist the static strains existing 
during actual discharge. 

Tests should undoubtedly be made to cover auxiliary appara- 
tus as well as arresters proper, for example, line choke-cotls. 


Conditions of actual operation. A recital of the various wavs 
in which lightning and other static disturbances can affect an 
exposed commercial circuit has been often made. Practically all 
result in the equivalent of the production of a sudden rush of 
electricity, or wave, or surge along a line wire. Such a surge 
usually passes both ways in the wire until it is discharged, dissi- 
pated, or reflected. There is obviously no upper limit to the 
electromotive force which may be applied to a line wire by hght- 
ning, and the wave or surge may be theoretically of any frequency. 
As a matter of fact, however, since extremely high frequency — 
for example, 100,000,000 million cvcles—-must necessarily be 
associated with extremely small electrostatic capacities, in the 
writer's opinion such very high frequency disturbances reed not 
be here considered. (See appendix I.) 

The distinctive characteristics of the static surge or wave are 
its abnormal frequency and the fact that it is not directly sup- 
ported by the power of the generator. It should, of course, be 
remembered that these surges not only produce strains to ground 
and between line wires, but they frequently cause concentration 
of potential between turns of windingsin coils, especially near the 
terminals. 

Resonance, being usually supported directly bv the power of 
the generator, will not be cared for by lightning-arresters and is 
here omitted from consideration. 
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There is another possible source of potential rise of a static 
character; namely, the sudden interruption of a current flowing 
through inductance, such as the inductance of a transmission line. 
It is evident that a short-circuit including the whole or a portion 
of the transmission system, will store a relatively large amount 
of energy in the inductance thereof; if by any means such a short- 
circuit current be abruptly interrupted, a very high potential 
will result, being limited only by the electrostatic capacity of the 
lines and their insulation strength. It is the opinion of the 
writer, however, that this condition never occurs where large 
currents are involved, since the condition predicated for produc- 
ing the short-circuit provides also a discharge path for anv 
voltage rise, and since the very energy stored in the choke-coil 
will tend to maintain the current uninterrupted until the major 
portion of this energy is dissipated. When, however, in the 
case of the opening of such a short-circuit as in an open-air arc, 
the extension of the length of the arc proper has reduced the 
current to a value where it becomes relatively unstable, there will 
be a tendency for the arc togoout suddenly, causing the remnant 
of the energy originally remaining stored in the inductance. to pro- 
duce a rising potential. This residue will, however, never be 
more than a small portion of the maximum energy stored. A 
great many direct tests of the opening of circuits through en- 
closed fuses and circuit-breakers, where conditions have been 
definitely known to be as assumed, have shown practicablv 
negligible rises of potential. The fact that high voltages have 
appeared in electric accidents coincidentally with short-circuits 
and arcs 1s no proof that these high voltages have resulted from 
the sudden interruption of heavy short-circuit currents. 

The severity and general range of the static disturbances 
actually matertalizing within an electric system is definitely 
limited in certain ways. 

A. The maximum voltage of a surge passing along a line 
must be limited to the voltage which will cause a discharge to 
earth over the line poles. That this is an effective limitation 
is shown bv the great number of transmission poles which have 
been shattered by lightning. It 1s natural to suppose that on 
this account, transmission lines having steel poles will not 
make as heavy demands on the terminal protective apparatus 
as lines having wooden poles, since the discharge to earth can 
presumably occur much more reacily on the former. It remains 
to be seen, however, whether the added annoyance of grounds 
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and cracked insulators where the steel poles are used, does not 
more than offset the advantage of the discharge from the wire 
over insulator to ground. 

B. Disturbances of very small energy, and hence very high 
frequency discharges, can be neglected, since the electrostatic 
capacity of the terminal line wiring and apparatus will be such 
as to absorb their energy without serious rise of potential. 

In general, then, it is the opinion of the writer that we are 
safe in concluding that we have to deal only with static waves 
or surges of potential not over a few times line potential on extra 
high-tension circuits ; namely, high enough to discharge to ground 
over the insulators, such surges having frequencies usually very 
high with regard to normal frequency, but not what 1s generally 
understood by extremely high frequency ; for example, practically 
never reaching fifty million cycles a second. 

Lightning-arresters should discharge without serious rise of 
potential and without otherwise disturbing the system, this 
specific type of “static, —not static disturbances in general, 
nor all kinds or forms of that can be devised or produced under 
laboratory conditions, —but merely static discharges actually oc- 
curring under the limitations imposed by commercial plants. 

Choke-coils, static interrupters, or reinforced insulation 
must serve to protect windings from local concentration of 
potential under the same limitations as to the character of the 
static disturbances as above. | 

It should be stated in this connection that to enable an ar- 
rester to exert its protective function properly, it 1s necessary 
that all the insulation of the system, including the apparatus 
and the lines shall be high, and especially that it be high against 
static disturbances. Bushings and surfaces are often broken 
down much more easily by static than by normal frequency 
strains. It is by the strengthening of the insulation of the 
system that immunity from lightning has been in the past most 
readily obtained and will in the future be most effectively 
increased. 

TESTS 

Discussion and specification. The discussion in the paper will 
be confined to lightning-arresters for electric lighting and power 
circuits, alternating and direct current. Such arresters may be 
of many types having radically different characteristics and 
structures. For the sake of clearness it will be well to enumerate 
the principal of these types: 
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Multigap arresters, with series or shunt resistances or both. 
These arresters are used practically only on alternating-current, 
constant potential. The multigap feature is, of course, intro- 
duced on account of its non-arcing power. 

Arresters relving for the suppression of the generator arc 
upon the blowing of a fuse or upon the opening of a circuit- 
breaker. 

So-called horn arresters. 

Magnetic blow-out arresters. 

Electrolvtic arresters. 

Many special types, including such arresters as the waterjet, 
the Gola, the Wurts railway arrester, and many others relying 
on special materials or special forms for their non-arcing power or 
discharge characteristics. 

The features of arrester apparatus most susceptible of satis- 
factory tests are perhaps: 


The initial break-down voltage. 

The static equivalent during discharge. 

The circuit-opening power. 

The insulation strength. 

The ability to stand repeated discharges. 

The choking power and insulation. strength of choke- 
coils and equivalent apparatus. 


пош 


Hotpinc NogMAL VOLTAGE 


General considerations. The determination of the voltage 
necessary to cause an arrester to discharge is of importance; first 
as ascertaining the minimum voltage at which protection beyins; 
secondly, the margin of safety which the arrester has in order 
to secure itself against continuous break-down. The second 
consideration is of special importance in the high-tension ar- 
resters, especially voltages of 30,000 and above. 

On very high-tension circuits the power of multigap lightning- 
arresters to hold the normal line voltage is verv greatly affected 
by attendant conditions; for example, the electrostatic capacity 
of the intermediate unconnected cylinders forming the gaps 
causes a break-down to occur at a much lower voltage on high 
frequency than on low frequency. This subject has been fully 
discussed before the Institute, for example, in connection with 
the following papers: 


'" Methods of Testing Protective Apparatus” by E. E. F.Creigh- 
ton; see discussion by Chas. P. Steinmetz, TRANSACTIONS, Vol. 


1907] THOMAS: LIGHTNING-ARRESTER TESTING 921 


XXV, 1906; “ Protection against Lightning, and the Multigap 
Arrester," by D. B. Rushmore and D. Dubois. TRANSACTIONS, 
Vol. XXVI, 1907, and "Multigap Lightning Arresters with 
Ground Shields," К. B. Ingram, Electric Journal, April, 1907. 

Since the capacitv of these gap cvlinders 1s increased by the 
nearness of grounded objects, the placing of arresters near a 
wire or transformer case or similar object, or more particularly 
in the neighborhood of other arresters or line wires on another 
leg of the circuit, tend very greatly to increase this effect. 
The effect is so marked that an arrester entirely capable of holding 
the line voltage with a good margin of safetv, 1 installed apart 
from other objects, will be utterly unable to hold normal voltage 
if installed in close proximity to another arrester connected to а 
different leg of the line. From this it follows that tests to de- 
termine the power of an arrester to hold normal voltage, must be 
made under conditions equivalent to those under which that 
individual arrester is to serve. The writer suggests that on 
voltages of 40,000 volts or higher, an excess of air-gaps may be 
provided, and the exact number required to give a proper margin 
over line voltage be determined by trial after final installation. 

Too sensitive an adjustment of the series-gaps of an arrester 
on very high tension circuits will be the cause of the greatest 
annovance, and probably will result in the destruction of the 
arrester. The resulting frequent discharges of the arrester will 
oftentimes be laid to abnormal static, due to some unknown 
cause, when as a matter of fact the only dithculty is the ease 
with which the arrester discharges on slight impulses of high 
frequency or even fluctuations of abnormal voltage. This 
condition has in the past, often been a source of great annoyance 
in commercial plants where it has frequently not been recognized ; 
it should always be carefully borne in mind. 


Description of test. The actual measurement of the break- 
down voltage of an arrester can best be made at normal fre- 
quency. In making this measurement, the primary object is to 
determine the margin of safety in the arrester over the normal 
line voltage as read on a voltmeter. Thus in this particular 
instance the use of the needle-point spark-gap for measuring the 
voltage as provided in the standardization rules, though always 
of value, is not as directly the criterion sought, as the voltage 
determined by the voltmeter. In making such a measurement, 
all the conditions provided in the standardization rules under 
' Insulation Tests " should be followed, where applicable. The 
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writer suggests that where practicable, the determination of the 
breaking down voltage of arresters on 40,000 volts or over be 
made from the main generator of the system with the arresters 
and neighboring apparatus in final position. 

It is true that high-tension multigap arresters will break 
down at a much lower voltage on high-frequency electromotive 
force than on normal frequency; but, in the opinion of the 
writer, since this phenomenon is in the direction of safety, and 
since it has been established by actual experience on high- 
tension plants that this fact does not cause discharges on arresters 
frequently enough to be troublesome, this may be accepted 
as a favorable characteristic of such arresters. This matter is, 
however, properly a subject for investigation and research. 


MAXIMUM IMPEDANCE OFFERED TO A DiscHARGE—NEEDLE-GAP 
EQUIVALENT 


General considerations. The maximum impedance offered to 
a discharge determines the protective power of an arrester, and 
is therefore of the greatest importance. On the other hand, 
since so little can be definitely determined as to the type of dis- 
charges actually to be met, and so much depends upon the 
characteristics of the circuit and apparatus being protected, 
it is impracticable at the present time to devise absolute 
tests of a general character which are not likely to be uncertain 
or misleading. It is of course easv to choose condensers and 
circuits, and apply static to arresters under a great variety of 
conditions with presumably. considerable variation in results, 
but in the opinion of the writer such tests, except where they can 
be shown to be reasonably within the conditions existing ina 
transmission line, should not be specified for the testing of com- 
mercial arresters, but should be considered as proper subjects for 
investigation and research. However, comparative tests be- 
tween arresters may be often made to great advantage. 

If an arrester be subjected to a high-frequency discharge from 
a condenser, and its static equivalent measured by the equivalent 
needle-gap method, the numerical result will depend upon the 
character and method of operation of the testing apparatus; for 
example, it will depend on the electrostatic capacity of the con- 
denser, the inductance through which it discharges, the voltage 
to which it is charged, the auxiliary circuits providing for the 
charging of the condenser, and the disposition of the arrester 
itself. Since it is manifestly impossible to determine upon any 
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reasonable number of definitive conditions as representing the 
transmission line under all conditions, no general absolute test 
should be attempted as such; that is, no attempt should be made 
to treat each arrester as having so many units of protecting power 
irrespective of conditions of service and of test. 

The study of arresters through the agency of condenser 
discharges has been an absolute necessity in the progress 
of recent years. This progress has been notable. Tests with 
anv reasonable form of condenser discharges, as distinguished 
from applications of normal frequency, will show practicallv the 
same characteristic results, although numerically different 
frequencies and different circuit arrangements, etc., will show 
variations. Consequently, to get what advantage is practicable 
out of such tests, the natural course would seem to be to use 
some condition, or conditions, of condenser capacitv, etc., known 
to be reasonably well within the conditions of actual operation 
and reasonablv easy of realization, and then to make comparative 
tests for what they may be worth. By this means a large part 
of the value of a complete range of static tests will be obtained. 
Any further data that might be found bv multiplving the tests 
under different conditions, would probably produce only small 
changes in the actual conclusions; such additional tests are 
more properly subjects for investigation and research than for 
practical tests of commercial arresters. 

Taking up these tests more in detail, the various types of 
arresters will be separately considered, since their needle-gap 
equivalents are controlled by radically different features. 


1. Arresters offering no impedance to the discharge. Such arrest- 
ers rely on special features for suppressing the generator arc. 
Examples are the fuse tvpe, the horn tvpe, and the magnetic 
blow-out type. If a horn arrester has also a series resistance, 
it is no longer properly a horn arrester but a series resistance 
arrester. It is obvious that the maximum impedance offered to 
a discharge by this tvpe is practically equal to the initial 
discharge voltage, and no further test 1s required than has been 
already indicated under the head of holding normal voltage. 
This type of arrester is especially effective in discharging the 
line. 

In connection with these arresters, the question must be 
raised, however, that it is theoretically possible for the device 
relied on for interrupting the generator current to introduce a 
rise of potential. This question can be determined finally only 
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by experience. The definite data available at the present time, 
derived from direct tests, have, as far as the writer is aware, 
failed to indicate any serious rise of potential from the operation 
of fuses, horn, or magnetic blow-out arresters. The question 1s, 
however, somewhat a matter of controversy. 


2. Arresters with series resistance. Series resistance must neces- 
sarily offer some impedance to a static discharge. The amount 
of this impedance will depend upon the value of the resistance, 
on its inductance and its capacity, on the abruptness of the 
application of the charge, and upon the inductance through 
which such charge must pass. Any inductance in the series 
resistance will tend to impede the discharge; anv capacity. 
however, either internal or with other objects, will tend to 
facilitate the discharge. The higher the frequency; that is, 
the greater the abruptness of the discharge, the greater will be 
the relative importance of the inductance and capacity in the 
series resistance in comparison with the ohmic resistance. 

It is evident that the danger to apparatus introduced by the 
series resistance will be negligible if the discharge be small 
enough, or may theoretically be dangerous with the lowest 
resistance 1f the discharge be abrupt and heavy enough. Since 
both the magnitude and abruptness of the discharges which can 
be produced in a commercial svstem are limited by certain 
maximum conditions, it becomes an open question just how 
much danger will result in practical operation from a defirite 
series resistance. 

Series resistances for lightning-arresters have been designed on 
two principles; first suthciently to cut down the generator current 
following a discharge to render the device easily non-arcing and 
to prevent all burning of evlinders; secondly, usually with multi- 
gap arresters, to allow as free a discharge as possible while still 
maintaining the non-arcing qualitv.. Inthe latter case the shunt 
resistance has ordinarily been used as well, and helps decidedly 
in cutting down the minimum allowable series resistance. 
Experience shows that the first mentioned high series resistance 
does seriously impede the static discharge on commercial lines 
and it has been practically abandoned as a means of princi- 
pal protection, though somewhat used to carry off the so-called 
slowly accumulated charge. The low series resistance 15 much 
used on all tvpes of alternating-current circuits except those of 
lower voltages; it can hardly be considered at present as finally 
determined, whether or not the present '' minimum value ” 
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series resistances offer serious opposition to actual discharges on 
commercial systems. In most cases they do not. 

The determination by test of the impedance offered by a 
series resistance arrester to a static discharge is hardly practi- 
cable, since such resistance will ordinarily constitute practically 
the major portion of the resistance in the test circuit, so that 
whatever the discharge voltage may be, it will of necessity be 
impressed upon the series resistance. The needle-gap equivalent 
would then be merely a measurement of the voltage and quantity 
of current in this particular test, and not any inherent charac- 
teristic of the arrester. Some idea of the relative value of two 
arresters may be obtained by connecting them in series, passing 
a discharge throagh, and measuring the ncedle-gap equivalent of 
each arrester. As far as the writer knows, this particular form 
of test has rarely been made. Obviously, a comparison of the 
ohmic value of the series resistances of two arresters generally 
similar, will give a good idea of their relative effectiveness. 
Where the types of series resistance are, however, entirely differ- 
ent, a comparative test by putting the two in series and sub- 
jecting them to the same discharge, or some equivalent test 
would be necessary for forming a trustworthy judgment. 


З. Special forms of arresters. Under this head are included as 
above, arresters relying on special forms and special materials 
for their non-arcing power, and arresters having an unknown con- 
struction. Here will be classified many new types of arresters, 
especially low-voltage forms which appear from time to time, but 
are not founded on well-recognized principles and are presumably 
of doubtful utility. 

These tvpes are generally found to be intermediate in their 
characteristics between groups 1 and 2 above. They are not 
like group 1, in which the maximum impedance to a discharge 
is practically independent of the character or strength of the dis- 
charge, nor are they quite like group 2 in which the needle-gap 
equivalent is more or less directly proportional to the severity 
and abruptness of the discharge; their equivalent is usually 
found to increase slowly with increasing severitv of discharge. 
It is in these special groups that direct tests bv discharge of 
condenser through the arrester are of the most service. Such 
tests may be made to give a measure of the impedance offered to 
the discharge, as compared with that offered bv some standard 
well-known arrester, thus giving data for the judgment of 
their effectiveness where inspection and the results of com- 
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mercial service are insufficient to determine the merits of the 
arresters. 

In view of the compactness of construction of most lightning- 
arresters, there 1s always an opportunity for a discharge to break 
down insulation or jump an air-space, short-circuiting a portion 
of its normal path. Such action is of course likely to destroy 
the arrester and shut down the system, since the non-arcing 
features will ordinarily be thereby crippled. The test with a 
severe condenser discharge may be made to serve the function of 
testing the insulation of the arrester. This is one of the tests 
most needed and most easily made, and should be strongly 
recommended. In actual practice a great many arresters have 
failed on both high-tension and low-tension circuits from dis- 
charges jumping between parts or to ground, and allowing the 
generator current to follow. When these tests are made without 
the power lines being connected to the arrester, care must be 
taken to detect the occurrence of internal sparks, as they may 
not otherwise be noticed. 


Description of test. The test to determine the impedance 
offered to a discharge may be best made by discharging a con- 
denser directly through the apparatus to be tested, and measuring 
the maximum voltage across this apparatus by a needle-point 
spark-gap. The measuring spark-gap may either be so set as to 
take the discharge half the time, while the apparatus takes it 
the other half, or it may be so set as just to fail to take апу dis- 
charges. The former condition is presumably the better one, 
since to make a spark-gap take all the discharges when connected 
in parallel with an arrester it is sometimes necessary to increase 
the gap a very considerable percentage. This percentage will 
depend upon all sorts of conditions not definable or controllable, 
so that a very considerable source of variation will be introduced 
into the measurements, 1 the method of entirely suppressing the 
spark in the measuring gap be adopted. The needle-point gap 
taking half of the discharges will be the comparative equivalence 
of the impedance voltage offered to the discharge. 


Spark-gap. The condenser should always discharge over a 
spark-gap to reach the apparatus to be tested. This is the 
element which introduces the high frequency. This spark-gap 
should preferably be large enough to cause a voltage to be im- 
pressed upon the arrester very much higher than the normal 
voltage of the circuit upon which it is to be used—where possible 
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perhaps three times normal voltage. The tests will of course be 
of value even if a considerable lower discharge potential be used. 


Condenser. The electrostatic capacity of the condenser 
should preferably be considerable, because it is intended to re- 
produce to some extent the more severe conditions of practical 
experience. A pair of high- or low-tension line wires will 
ordinarily have a capacity in the neighborhood of one hundredth 
of a microfarad per mile. It is thus seen that where several 
lines are connected to the same bus-bars near the arrester, а 
considerable capacity may discharge over the arrester. It 15 
dificult to tell just what portion of a line wire near the 
discharge point should be considered to discharge directly 
through the arrester, since the inductance of the line becomes 
very considerable and tends to delay the discharge of the more 
remote parts, allowing the arresters more time to pass off the 
excess. (See Appendix II). It is suggested as a compromise 
value that where practicable a few hundredths of a microfarad 
be utilized. This figure is admittedly open to discussion. Са- 
pacity can be must easily measured by determining the charging 
current taken on a true sine electromotive force at a known fre- 
quency and voltage; one microfarad takes three-eighths of 
an ampere approximately at 60 cycles and 1,000 volts. 

It may further be added, that it seems practically very un- 
likely that any considerable length of transmission line сап 
be raised at one time to an excessively high potential by any 
static disturbance. The total length of line simultaneously 
affected, could hardly exceed a few miles at most. Where so 
much capacity as here recommended 15 not available, since all 
such tests must be relative, a considerably smaller condenser 
wil give valuable results. High voltage rather than ex- 
tremely large electrostatic capacity 1s recommended. 


Abruptness. The condition of extreme abruptness in a test, 
which is one of the severe conditions, is obtained by having no 
impedance, other than the arrester directly, in the discharge path 
of the condenser and by limiting the length of the connecting 
. wires in such path to a few feet. The initial abruptness of the 
discharge (though not the frequency of oscillation) depends 
solely upon the inductance and resistance in the discharge 
path; it 1s not lessened but rather increased by enlarging the 
capacity of the condenser. It is of much more importance in 
making the discharge sudden, that the inductance in the dis- 
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charge path of the condenser be eliminated, than that the electro- 
static capacity of the condenser be large. The character of a 
discharge is indicated by the sound. The “crack " should be 
extremely sharp and loud. 


Circuits. In providing means for charging the condenser 
conveniently (except where using a static machine), it will 
usually be necessary to prevent the current supported by the 
charging apparatus from being maintained through the lightning- 


STATIC MACHINE 


Hor Qurtic RESISTANCE 


Fic. 1—Diagram of circuits for testing impedance offered 
by lightning-arrester to a discharge—static machine and 
leyden jars 


arrester after a discharge. This might oftentimes burn out a 
resistance. 

A variety of connections may be utilized for these tests, two of 
which are shown in Figs. 1 and 2. Others may be devised. 

Where laboratory apparatus and laboratory skill are available 
and the voltage is not too high, thearrangementin Fig. 1, utilizing 
a frictional or static generator, will be found convenient and 
compact. Under other conditions, however, static machines 
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are often not available; they are very troublesome except in the 
hands of persons especially expert, and in general will be found 
less satisfactory than the connections in Fig. 2. The arrange- 
ment shown in Fig.l is substantially that described by Mr. 
Creighton in a paper before the annual convention of this Insti- 
tute in 1906, Vol. XXV, of the TRANSACTIONS. 

It is,of course, possible to utilize the circuits of Fig. 1, substitut- 
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Fic. 2—Diagram of circuits for testing the impedance offered 
by a hghtning-arrester to a discharge—alternating-current 
mains and step-up transformer 


ing for the static machine a step-up transformer connected to an 
alternating-current main. А switch will then be used across the 
high-tension leads of the transformer to start the discharge. 
There must usually be some current-limiting device 1n connection 
with the transformer, to prevent too much current flow on the 
closing of the switch. This arrangement should give a satis- 
factory source of static discharge. 
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In Fig. 2, alternating-current is used to charge the condenser 
through a step-uptransformer and the discharge is produced by 
the closing of a switch, as shown. This switch must ordinarily 
be opened rapidly, to prevent the generator current from following 
a discharge over the series-gap through the arrester. The re- 
sistance or inductance in series with the primary of the trans- 
former also serves to limit the generator current. Such a switch 
may easily be made by mounting a contact on the end of a pole 
some feet in length, arranged to swing past a cooperating contact 
point; this will close and open the circuit rapidly enough to 
get a single discharge over the series-gap with each closing. 

By using a very high ratio in the step-up transformer and 
suitable values of the inductance or resistance in the primary, 
it is often possible by leaving the switch closed, to produce a 
rapid succession of practically pure static discharges over the 
series-gap through the arrester. Apparently under these con- 
ditions the condenser charges and discharges each alternation, 
and all generator current is suppressed by the inductance or 
resistance. This continuous spark method should be used with 
great care, and only when the actual suppression of the generator 
current in the arrester has been demonstrated. This condition 
is favorable for making a very large number of discharges in a 
short time, but is very hard on the arrester; as, for example, in 
case of a puncture of insulation. It can be more readily ob- 
tained when, instead of a generator of considerable power and 
choke-coils or resistance in the low-tension side of the transformer, 
a small generator be used having its field weakened very much 
below normal value, and a transformer ratio chosen much 
greater than necessary to break down the discharge gap. In 
this case the field reaction kills the generator voltage as soon as 
the condenser discharges over the series-gap. This is a very 
effective arrangement but is not always available, as it requires a 
special generator. 


Construction of condensers. Condensers may be conveniently 
made up in a number of ways. 

Leyden jars in sufficient quantity are satisfactory, though the 
writer has not found them nearly as convenient as other forms. 
The capacity of а leyden jar having 50 square inches of foil coat- 
ing inside, and having a glass wall approximately three thirty- 
seconds of an inch thick 1s somewhere near 0.0005 microfarads. 

Glass plates with tin-foil cemented on them, and placed in a 
rack. are effective but easily broken. 
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Sheets of metal between sheets of solid insulating material 
such as oiled cambric or oiled paper, either in or out of oil are 
quite satisfactory.* This type of condenser, though inferior 
in point of dielectric loss, is extremely compact, is easily con- 
structed of materials readily obtained, and is quite robust. 
The leads are preferably brought out from each condenser plate 
separately, so that the capacity and insulation strength may 
be varied by connecting the plates in different combinations. 


Tests of choke-coils. | Although lightning-arrester choke- 
coils and other forms of auxiliary apparatus accomplishing the 
same purpose, do not serve the same function as lightning- 
arresters, vet the impedance offered to the discharges from the 
line is of importance, since it is the function of the choke-coil 
to offer as large an impedance as practicable to such surges 
as may pass an arrester. Comparative tests of the impedance 
values of choke-coils are especially desirable at the present 
time, since there is very little data on the relative choking power 
of the more usual designs of such coils, and their relative merits 
are not easily determined otherwise. These tests do not in- 
volve very much difficulty in the making, and when made as 
comparative tests serve an important function. 

The same apparatus and method of tests as described for 
testing the impedance of arresters to discharge, may be utilized 
in connection with two or more such coils in a series, one being 
a standard for purposes of comparison. The needle-gap should 
be taken on each of the two coils under the same or similar 
conditions, and a comparison of results will show the relative 
power of these coils. By this same means the insulation strength 
of the coil and the spacing of its leads can be tested. 


POWER TO SUPPRESS THE GENERATOR ARC 


General considerations. This all-essential feature of an ar- 
rester 1s unfortunately extremely hard to test and determine 
in the general case, since the ditficulty of suppressing a generator 
arc increases with larger and larger currents and will be multi- 
plied many times when the generator circuit includes much in- 
ductance. With many arresters, tests made on anvthing less 


*The capacity of a plate condenser may be calculated fairly closely 
from the formula: Capacity in microfarads = the area ot one plate in 
square inches divided by the thickness of dielectric in inches X 2.25 X 
the specific inductive capacity X 1077. The specific inductive capacity 
of air is 1 and of solid dielectrics from 3.5 to 6. 
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than a full-size plant cannot give a safe guide for judging the 
non-arcing power of an arrester, since only on such plants can 
the maximum generator current be obtained. Designs be- 
having perfectly satisfactorily in many laboratory tests on 
medium-size machines, or on large machines with limiting re- 
sistances, may very likely fail utterly to suppress the arc when 
placed upon regular commercial circuits. In a paper presented 
concurrently herewith and supplementary to a paper by the 
writer read at the annual convention of the American Institute 
of Electrical Engineers in 1902 on the '' Function of Shunt and 
Series Resistance in Lightning-Arresters,’’ are shown some 
curves of the non-arcing power of multigap arresters on alter- 
nating-current circuits, which are the result of actual tests and 
show this fact in a very marked manner. 

This condition 1s not of an imaginative nature, since this 
very difficulty has occurred a great many times. It is very 
seldom that conditions are favorable for making such tests, 
as they require, except with an arrester inherently limiting the 
generator current, practicallv the exclusive use of a large generat- 
ing plant; and because short-circuits may be produced frequentlv, 
there is great danger of damage to the generating apparatus. It 
is of course true that lightning-arresters, themselves limiting 
the flow of current from the generator, need be tested on cir- 
cuits only just large enough to supply without material drop 
of potential, the current naturallv taken by the arrester. In 
all cases it should be definitely determined that no more current 
would be supplied during the discharge were the generating 
capacity infinitelv large, otherwise the test would not be trust- 
worthv. Also it 1s 1mportant that, where necessary special in- 
ductance should be introduced into the circuit to represent any 
inductance which might be found in an actual power svstem; 
as, for example, the inductance of a transmission line. The 
presence of such inductance markedly increases the difficulty 
of suppressing the generator arc. 

Speaking broadly, ıt may often be determined from general 
considerations whether an arrester will be non-arcing or not, 
in which case tests will be unnecessary. In practically all 
free-discharge, non-arcing arresters, the tests of non-arcing 
qualit v will cause destruction of the arresterand usuallv of several 
arresters. Considering more particularly the bearing of the 
various arrester types on tests of non-arcing power, the following 
should be noted: 
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a. A number of arresters utilize a free discharge path to 
earth, with means brought into action after the passage of the 
discharge for suppressing the arc. Such are the fuse-type ar- 
rester, the horn arrester, the magnetic blow-out arrester, etc. 
The horn type is sometimes used in connection with series re- 
sistance or with a fuse, in which case it should not be classed 
as a horn arrester but as a resistance or fuse arrester. 

The ability of these arresters to suppress the generator cur- 
rent then becomes a question of the ability of the fuse, the horn 
form or the magnetic field to open the circuit. There seems 
to be no doubt of the ability of a properlv constructed fuse, 
usually of an enclosed or explosive type, to open any circuit. 
Numerous tests have been made on this subject. There is a 
good deal of question as to the ability of horn arresters to 
open promptly very heavy currents. Magnetic blow-out ar- 
resters are used only on low voltages where they have a very 
decided arc-opening power. 

b. Arresters of the series resistance tvpe. When the series 
resistance is very large, the maximum generator current will 
be low, and there will be no question as to the non-arcing char- 
acter of the arrester. | 

When the series resistance is made as small as possible, as 
is usually the case in connection with the multigap shunt resistance 
arresters which are much used for high alternating-current 
pressures, the design of the arrester is usually somewhere near 
the lower limit of non-arcing power and tests will be of value. 
The factors determining the non-arcing power of multigap 
arresters, with or without shunt resistance, have been pretty 
thoroughly investigated. As a matter of fact, with a given 
inductance in the circuit, the number of gaps required to sup- 
press the generator arc with a high-tension alternating-current 
circuit increases at a rate between the first and second power 
of the current. With increase in inductance in the circuit it 
also rapidly increases at a given current. 

c. The types of special material or special form arresters 
already referred to, including arresters of unknown method of 
operation, will be found generally to have characteristics inter- 
mediate between those of the two classes above mentioned, and 
very little сап be inferred as to their non-arcing power aside from 
tests, unless the results of actual experience have been sufficient. 
Unfortunatelv, with special forms on high voltages, for reasons 
already explained, it is often very dificult to make adequate 
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tests. For low voltages, alternating and direct-current, how- 
ever, it is relatively easy to make tests, and they are often to 
be recommended, especially where claims are made for some 
unknown arrester which has not been widely and publicly used. 


Description of test. The tests of non-arcing power are made 
by reproducing operating conditions; that is, connecting an 
arrester across a powerful supply circuit and passing a static 
discharge across the whole or a part of the arrester to initiate 
the generator arc. The generator capacity should in all cases 
be sufficient to supply without material drop in voltage, all the 
current which the characteristics of the arrester will allow it to 
take. On this account tests on horn and fuse-type arresters 
and other types not limiting the flow of generator current on 
discharge are rarely practicable. When made on smaller ma- 
chines, or by limiting the current flow by resistance or other- 
wise, they are of little value. 

The inductance corresponding to the maximum inductance to 
be expected in service, should be included in the generator circuit. 


Source of static discharge. It is a very troublesome matter to 
obtain a satisfactory source of the static discharge. Where 
a Holtz or frictional machine is available, and the voltage is 
not too high for this machine to cause a discharge, it may be 
satisfactorily used. In most cases, however, it will be found 
more satisfactory to get the high-tension discharge from 
a transformer. An arrangement similar to that already de- 
scribed for testing the impedance offered to discharges by ar- 
resters, may be here utilized. In this case a much smaller con- 
denser may be used than for the above test, and the voltage 
need be only just high enough to cause the discharge. It is 
essential in such a test to avoid synchronism, that the source 
of discharge be not taken from the same supply as the generator, 
since if the static waves have always the same relation to 
the waves of the generator, all conditions of practice would 
not be obtained. If special pains should be taken to adjust 
phase relations to give the discharge at the most severe point 
of the wave, the same source might be used, but this method 
is difficult and uncertain. 

Evidently, in order to get the most unfavorable condition 
for suppressing the generator arc, the discharge should be passed 
over the arresters in the early part of the cycle of the generator 
wave, since this allows maximum of heating or other activity 
in the arrester before the first zero point. 
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The actual severity of the exciting static discharge seems 
to be unimportant in this work; a comparatively slight spark 1s 
entirely sufficient. 


Protection of apparatus. It is necessary in practically all cases 
to protect the generator by powerful choke-coils or static inter- 
rupters, from the strains produced by the static discharge utilized 
to jump the arrester. It is desirable as well, unless otherwise 
provided for, to protect the high-tension side of the charging 
transformer by means of choke-coils or other apparatus from 
a short-circuit due to the condenser discharge across its leads. 


Timing the discharge. The production of the exciting spark 
at the proper time of the cycle may be accomplished by a small 
synchronous motor driven from the supplv and arranged to 
close the circuit at the proper time, as described in papers by 
E. E. Е. Creighton on “ New Principles in the Design of Light- 
ning-Arresters," read at the March meeting, 1907, and *‘ Methocs 
of Testing Protective Apparatus," read at the annual conven- 
tion, 1906, or it may be accomplished by the swing-switch 
method already described, in which case a number of trials 
must be made with each setting of the apparatus to ensure the 
reaching of the worst condition, since the point within the 
cycle at which the discharge occurs is largely a matter of acci- 
dent. From 20 to 50 trials should be made under each 
condition. This method 15 preferable to the synchronous- 
switch method, as so much dependence need not necessarily be 
placed on the accuracy of the operating mechanism.  Oscillo- 
graph curves are here, of course, a great safeguard. 


Auxiliary Apparatus. It is very desirable in tests of this 
sort to have an adjustable resistance controlling the flow of 
current from the generator, which can be cut out gradually 
until the maximum condition is reached. Such a resistance 
must be of a very robust and well-insulated character. It is 
also necessary to have in circuit an entirely reliable circuit- 
opener of some sort, such as an oil-switch or a fine-wire enclosed 
fuse. Either arrangement may be made satisfactory. 

It is, of course, of interest and value to have oscillograph 
records of the currents and voltages of the tests, but as this 
involves a great deal of work in setting up the apparatus and 
is not wholly necessary, the oscillograms will often be omitted. 

It should be noted in testing alternating-current multigap 
arresters utilizing shunt resistance, that if when the static dis- 
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charge is produced at the early part of the cycle, no current 
follows into shunted gaps, the discharge should be produced at 
a somewhat later point of the alternation, as this will be more 
favorable for the initial starting of current in the shunted gaps. 
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Fic. 3—Diagram of circuits for testing non-arcing power 
of lightning-arrester 


Thus, in the case of shunted gaps the most critical point of 
the cycle for the discharge is different from what it 1s 1n the 
case of plain series gaps. 

One diagram of connections for кеа the non-arcing power 
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of arresters is shown in Fig. 3. This is capable of various mod- 
ifications. Reference is suggested to the various papers above 
referred to by Mr. Creighton and the writer. The arrangement 
shown by Mr. Creighton is presumably satisfactory where appli- 
cable. 

Attention is again called to the fact that except where ar- 
resters have an inherent faculty of limiting the flow of current, 
tests to be of value must be made upon high-capacity generators 
and circuits; they are then very troublesome to make and in- 
volve considerable danger to the generator and other apparatus 
connected to the test circuit both from the heavy short-circuits 
and from static strains. Line choke-coils plaving practically 
no part in the arc-suppressing power are not involved in this 
test. 


Disturbance of operation. When the discharge of an arrester 
offers a free path for the flow of generator current, the result is 
the lowering of the line voltage to such an extent as to cause 
svnchronous apparatus to drop out of step, and, in view of the 
heavy current taken by the arrester, the opening of the circuit- 
breakers or the blowing of fuses. This is a most serious matter 
in practical operation and has caused a great many shut-downs. 
These shut-downs are serious, as the whole system must be 
started again, including the synchronizing of generators, svn- 
chronous motors, and synchronous converters. The critical 
conditions evidently are the generator current taken during the 
discharge, and the length of time before its suppression; for 
example, a current strength which in one alternation would be 
insufficient to open a circuit-breaker might, if continued for a 
dozen alternations, cause this result. <Arresters which sufficiently 
limit the generator current following the discharge will cause 
no disturbance; and arresters suppressing the generator current 
within an alternation or so will undoubtedly cause no trouble, 
however great this current.  Arresters utilizing series resistance 
and drawing only a few times full-load current would not be 
expected to open breakers or throw out svnchronous converters; 
fuse arresters utilizing a small wire-enclosed fuse which open the 
circuit very quickly are probablv safe, but horn arresters and 
their equivalent will usually disturb the svstem. 

Tests to determine whether or not a definite arrester will in 
general cause this trouble are impracticable, for the different 
settings of breakers, the different designs and loads of svn- 
chronous apparatus, together with the ditferent location of dis- 
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charges, will render a general determination out of the question. 
However, it may often be concluded from general considerat:ons 
that an arrester cannot even take current enough to disturb 
the svstem, or that it is sure to take current enough to cause 
trouble. 

Under specific sets of conditions, as at some particular plant, 
by selecting the most sensitive condition, it may be determined 
by trial whether an arrester discharge is likely to cause dis- 
turbance of the operation, by repeating the test just described for 
determining the non-arcing power of arresters. This will, how- 
ever, usually be considerable of an undertaking and not worth 
while. 


Capacity for frequent discharges. It goes without saving that 
every arrester should be able to withstand as many successive 
discharges as it may meet in actual service. Unfortunately this 
condition is exceedingly variable and impossible of general de- 
termination. High-voltage arresters will presumably discharge 
much less frequently than will low-voltage arresters, as in the 
former minor disturbances will not be able to pass to the ground. 
Furthermore, on alternating-current circuits at least, discharges 
occurring at one part of a cycle are more severe than discharges 
occurring at another, which tends to relieve the arrester. Under 
the conditions in which tests for non-arcing power are feasible, 
tests to determine the capacity for frequent discharges may be 
made. The parts particularly subject to deterioration under 
these conditions are series and shunt resistance, magnet-coils, 
and the cvlinders in multigap arresters. 

On low-voltage circuits, direct and alternating, where working 
conditions are more easily reproduced, such tests are often 
feasible. On high-tension alternating-current circuits, however, 
they are not often worth while. 

Tests for determining capacity for frequent discharges should 
be made as already described, for determining the non-arcing 
power of arresters. A number of discharges should be produced 
n succession at intervals of some seconds, the exact number of 
repetitions and the intervals being determined according to the 
circumstances of the case. 


Deterioration, etc. There are a number of other characteristics 
of great importance in the choice of arresters which, however, 
cannot readily be made a subject of test. Arresters should be 
robust; the resistances should be of a character not to corrode 
or otherwise deteriorate with time; they should be as simple 
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as possible and the parts likelv to deteriorate should be replace- 
able. | 

To require a renewal by hand after a discharge, before an 
arrester 1s ready for a second discharge, is a serious handicap. 


Conclusion. It is evident from the analysis of the advantages, 
disadvantages, and limitations of the various possible tests of 
lightning-protective apparatus, that certain tests are of great 
value in connection with certain types of arresters, but not 
with all types, and that some of the tests are difficult and awk- 
ward to make. It would thus seem that tests should be intro- 
duced into the standardization rules cautiously and gradually. 

On the other hand, there will be a great advantage in many 
cases in testing lightning-arrester apparatus; for example, a 
ready means of correctly sizing up the numerous low-voltage 
arresters, especially railway arresters, which appear from time to 
time is desirable. Furthermore, the fact that certain tests have 
the stamp of approval of the Institute will do much to cause 
designers to put their apparatus in condition to meet the tests, 
even if the tests be so inconvenient as rarely or never to be 
imposed. Again, a careful consideration of a properly chosen 
set of rules will help materially to give to electrical engineers who 
have not paid much attention to static phenomena a clear idea 
of the fundamental conditions to be kept in mind. 

The following tests are suggested for general consideration as 
suitable for the approval of the Institute: 


1. In all lightning-arrester design the insulation strength should 
be required to stand the abrupt application of the discharge of 
a condenser of at least 0.01 microfarad capacity charged, to a 
potential three times normal arrester potential, and not less than 
50,000 volts, without sparking between parts ог to ground. 
Where it is inconvenient to get a discharge of this severity, ar- 
resters, alternating-current and direct-current, for not over 3,000 
volt lines can be roughly tested with a smaller capacity or 
lower potential, but no tests with capacitv less than 0.0025 
microfarads or voltage less than 30,000 should be relied upon. 

2. Break-down voltages at normal frequency should be de- 
termined in all cases, following where applicable, all the re- 
quirements laid down in the standardization rules for the testing 


of insulation strength. 
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On voltages of 40,000 and higher, the test should if possible be 
made with the arrester installed in position, and in any case with 
the same relation to surrounding grounded or charged objects 
as it is to have 1n final installation. 

3. Where general considerations are not sufficient to de- 
termine the amount of impedance offered to a discharge, com- 
parative tests between arresters may be made by noting the 
needle-gap equivalents of two or more arresters, by passing 
across the arresters separatelv or in series the discharge of a 
condenser of a few hundredths microfarad capacity charged to a 
potential not less than 50,000 volts, nor less than three times the 
normal voltage of the arrester. This test will be of relatively 
little value with an arrester including series resistance of equiva- 
lent characteristic, since the test will show simply the voltage 
of the discharge in each case. Such comparative tests may be 
made with smaller capacities and lower voltages, though they 
will not be as trustworthv. 

The impedance offered the discharge should be measured bv 
a needle-point spark-gap in shunt to the terminals of the arrester, 
and set to take half the discharges. The needle-point gap 
should be shielded by metal if near the main discharge-gap. 

4. Where general considerations are not sufficient to de- 
termine the non-arcing power of an arrester, a test may be made 
by passing sparks over the arrester when connected to a source 
of electromotive force of sufficient power to supply without 
dropping its potential, all the current which the arrester will take. 
In no case need a generator power be used, greater than the maxi- 
mum to which the arrester is to be subjected. In all cases the 
maximum series inductance to be found in service must be 
included in the generator circuit. 

With arresters which offer no impedance to the discharge, such 
as the horn tvpe, the fuse arrester, and the multigap arrester 
without series resistance, etc., reliable tests can be made only 
on the maximum generator power to which the arresters areto be 
exposed. 


Non-arcing tests are difficult and dangerous for apparatus in 
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all cases except where the generator current is strictly limited. 
The testing apparatus should be protected both from the 
static discharge and from the effects of the short-circuits. 

9. Endurance tests may be made in the same manner as tests 
of non-arcing power. The discharges should be repeated at inter- 
vals of some seconds. The exact interval and continuance of 
test must be a matter of judgment in each individual case. 

This test is especially useful and feasible in connection with 
low-voltage arresters, such as direct-current railway types. 

6. In addition to the behavior of arresters under the above 
tests other features should receive consideration; for example, 
the disturbance of normal operation caused bv a discharge, robust- 
ness and permanency, simplicity, whether or not replacement 
is required after a discharge, etc. 


As the onlv final test of a lightning arrester 1s actual experience 
extending over considerable time and repeated in many places 
under different conditions, no general conclusions should be 
drawn from short-time trials. Such a determination usually 
requiring vears, the considerations and tests enumerated above 
are of great practical value in determining the relative merits of 
different tvpes of apparatus. 


APPENDIX I 


The reasons for concluding that verv high frequencies do not 
have to be considered in the protection of commercial lines may 
well be somewhat elaborated. Since the quality which renders 
the discharge of a static surge of a given magnitude exceptionally 
difficult is verv great abruptness, that is, very sudden arrival 
of charge, we should here consider not strictly the frequency of 
discharges, but rather the form of the initial wave-front. Strictly 
speaking, the term frequency is applicable only where there is 
an oscillating current or potential. The term abruptness of 
discharge is more generally applicable. This abruptness of 
charging depends upon the time required for a given point to 
pass from normal to a given abnormal potential. This time is 
especially short with very high charging potential and low 
inductance in the charging path. 

Every lightning-arrester has some capacity; so have the line 
wire Outlets, insulator tie-wires, and every conductor or patrol 
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conductor connected with the line. Consequently, to raise the 
potential at the lightning-arrester discharge-gap to a dangerous 
point, a certain amount of charge is required. Since this charge 
is transmitted to the arrester by the line wires, there will be a 
minimum length of wire which will be sufficient to store charge 
enough to cause this rise of potential. Such a value as ten feet 
of line wire would seem to, be very conservative as the minimum 
limit of capacity which could store sufficient energy to produce 
material strain. The capacity of two transmission wires 10 
feet long is approximately ,1.5 х 10° microfarads. It is hard 
to imagine a possible case in which such a length of wire can be 
abruptly charged through a path having less inductance than 
that of 5 feet of such a transmission wire, which will be about 
4x 10° henrys. Consequently, since the time of the complete 
discharge period of a condenser through an inductance is = 
2z\/C L, in which expression capacity may be farads and 
inductance henrvs, the frequency of discharge of this con- 
denser through this inductance will be approximately 20.000,000, 
per second. This is presumably the maximum frequency which 
need ever be considered in a transmission line, and even this is 
probably too high. 

The only conclusion to be drawn from the above is that in 
a general way we may neglect the effects of any disturbances 
having a higher frequency than a few million periods per second. 
It is of course true, however, that since the inductance and 
capacity of the transmission line 1s distributed, the above for- 
mula cannot be applied directly thereto. The true results 
will not differ radically from those derived bv the assumptions 
made. As further reducing the probability of harmful effects 
being produced by very high frequencies, it should be noted 
that every irregularity of form, every insulated tie-wire, every 
branch connection of апу kind, or leakage into air over insula- 
tors,and any current set up in other conductors, tend, especially 
with very high frequency, further to break up an advancing 
wave and also to dissipate its energy. 

A few outer turns of a transformer winding have a large 
enough electrostatic capacity to be of verv material moment 
in keeping down potential rises from very high-frequency dis- 
charges; for example, consider the outside laver of a trans- 
former coil, which may be taken as three-fourths of an inch wide. 
Such a transformer as would be connected to a high-tension 
transnussion line would have perhaps a mean length of turn of 
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six feet, giving an exposed area on the top and edges of the 
first laver of about 75 square inches. The mean distance of 
such a laver from grounded objects, or objects acting as though 
grounded for the necessarv brief instant of time, would be not 
far from two inches in a high-tension transformer. The specific 
inductive capacitv of the insulating material is at least three, 
giving a capacity of 2.5 x 10% microfarads. This is equal to 
about 10 or 15 feet of transmission line. This estimate 1s prob- 
ably very much too low, since if the frequency is high enough 
so that onlv the first laver is affected, the next laver or two 
wil act as though grounded and will increase the capacity of 
the first laver ten or twenty times. In other words, as far 
as the protection of transformers from ground is concerned, there 
must be a verv considerable volume of charge at high potential 
passed into the winding before a jump to ground will result. 
The immediate leads of the transformer are presumablv pro- 
tected bv this capacity, and indeed they add some capacity of 
their own. On the other hand, station wiring gets no benefit 
therefrom, when the transformers are disconnected. 

In general, then, in view of the fact that there must be in all 
commercial lines at or near the arrester a certain minimum 
capacitv, which in a general wav for the purpose of discussion 
mav be assumed as at least equal to 10 or 15 feet of trans- 
mission line, no disturbances involving a materiallv less capa- 
city can cause serious damage. Consequently, no higher fre- 
quencies than can occur in connection with the minimum 
capacity need be considered in lightning-arrester work. This 
frequency will probably not exceed a few million per second. 
The same general line of reasoning applies to low-tension line 
wires. With these, the values of electrostatic capacitv and all 
'eakage factors are greater than for high-tension lines. 


APPENDIX II 


There are certain limitations in the severity and possible 
forms of discharges from commercial transmission lines which 
are important in considering the impedance offered to dis- 
charges bv various designs of arresters. 

The exact maximum electrostatic capacitv that can ever in 
a commercial circuit be so located as to be abruptlv discharged 
through a lightning-arrester is very difficult to estimate accu- 
ratelv. The conditions of the test recommended for measuring 
the impedance to discharge of an arrester are verv severe, 
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more severe probably than are likely to be met with in practice, 
for the following reason: In the test recommended, the total 
charge of the condenser is passed directly against the arrester 
through only the impedance of a few feet of wiring. In an 
actual transmission plant there can be connected so closely 
to the discharge path of the arrester only 100 or 200 feet 
of line and at most a few hightension transformers. This 
capacity will be increased somewhat by tie-wires, insulator 
surfaces, bushings, outlets, etc. Taking these things together, 
however, the capacity within a few feet's discharge of the ar- 
rester will fall far short of a hundredth of a microfarad. On 
the other hand, there may be in the immediate neighborhood 
a capacity considerably larger than this amount. Such excess 
of capacity, however, must discharge through some tens or 
hundreds of feet of transmission line, which will very much 
reduce its severity on the arrester discharge. 

Neglecting the concentrated capacity closely adjacent to the 
arrester which has already been described as limited to a quan- 
tity presumably much less than a hundredth of a microfarad, 
the current passing from the transmission line proper may be 
likened to the discharge of water from a long uniform trough. 
If such a trough filled with water be allowed to discharge by 
the opening of one end there will be a sudden rush as the water 
accumulated at this end passes out, but this rush will be im- 
mediately followed by a steady stream of water of practically 
uniform section while the trough empties itself. The rate of 
flow at the outlet once established on this steady basis will not 
change materially until after the ''falling " wave which passes 
backward reaches the end of the trough and is reflected again 
toward the outlet. Similarly with the transmission line; as- 
suming it to be charged to a very high potential and the dis- 
charge to start at one end over an arrester, there will be an 
initial rush of the charge stored in the immediate neighborhood 
of the arrester (this would include that stored in bushings, 
transformers, branch wires, etc.), but when once this charge, 
which is limited in amount by the conditions already stated, 
has once passed, further charge will flow out of the line through 
the arrester at a more or less uniform rate which 1s determined 
bv the relative inductance and capacity of the transmission 
line, but which thus produces no steadily increasing demand 
on the discharge capacity of the arrester. If, instead of the 
Whole transmission line being charged to this high potential, 
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the disturbance be one of high frequency, this 1s equivalent 
simply to shortening the trough of water or the transmission line 
and will relieve the arrester so much the more easily. 

Evidently an arrester which discharges somewhat slowly 
will have a harder task to perform, since the distance of the far- 
thest charge which can discharge directly through the arrester 
on the initial breakdown without material opposition from line 
inductance will extend to a greater distance; for example, an 
arrester with series resistance will be more likely to receive an 
absolute direct discharge from as great a capacity as a hundredth 
of a microfarad, than will a fuse-tvpe arrester. 

Even in the severe condition in which a direct stroke of light- 
ning reaches the transmission wire at 1000 feet from the ar- 
rester, a similar limitation exists, since all charge above that 
necessary to bring the potential of the line wire to the point of 
breaking to earth from the line over insulators, is discharged 
directlv to ground, and, as before, we have only the charge on 
the transmission wire to be discharged over the arrester. There 
is, however, one exception; namely, when the lightning stroke 
is continuous for some relatively considerable period of time, 
in which there will be a transfer of current over the line wire 
through the arrester to ground, not in the form of a wave or 
surge (relying on the distributed inductance capacity for its 
transmission), but as an ordinary current in a conductor gov- 
erned by the impedance of the line. In this case the effect 
of the inductance of the line and the arrester discharge path 
will soon disappear leaving the resistance of the line and of the 
arrester to withstand the voltage of the discharge. How 
common such a condition 1s at the present time is a mere matter 
of speculation. 

Mr. К. P. Jackson in his paper ot last Decemberon ‘ Recent 
Investigation of Lightning Protective Apparatus " called at- 
tention to the fact that there is a limit to the amount of dis- 
charge current which can be obtained from the electrostatic 
capacity of a transmission wire at a definite voltage regardless 
of the length of the line. 

It may be thus concluded that there is a surprisingly low 
limit to the severitv of the discharge which an arrester can be 
called upon to discharge from a transmission line, and it is the 
opinion of the writer that the ‘ several hundredths of a micro- 
farad " recommended by this paper in the test for measuring 
the impedance offered to discharges 1s justifiable principally to 
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give a margin of safety and to provide in the most practical 
available manner for the fact that the actual arrester will have 
to discharge lines charged to a considerably higher potential 
than that of the test, which. of course, renders the condition more 
severe. 

The writer wishes to take this opportunity to make the plea 
that it would be far better in discussing lightning-arrester 
problems to avoid expatiating upon what we do not know and 
cannot know about lightning, and statements to the effect 
that the conditions are infinitely various and incomprehensible; 
and to make a serious effort to determine and explain such 
limitations and facts as we may know and can determine from 
known laws and from experience. If this,be done the subject 
will lose most of its mystery, operating engineers will be able 
coherently and intelligently to observe and judge by what they 
see, and the advancement of lightning-protection will be verv 
much facilitated. 


APPENDIX III 


Various papers bearing upon the reaction of lightning on trans- 
mission lines, and of the various characteristics and performances 
of lightning-arresters for light and power circuits have appeared 
from time to time in the TRANSACTIONS AND PROCEEDINGS of 
the American Institute of Electrical Engineers. For convenience 
they are here enumerated. 


" Lightning Arresters and the Photographic Study of Self- 
induction.". E. G. Acheson. Vol. VI, 1889. 


“Some Possible Modifications in the Methods of Protecting 
Buildings from Lightning.” N. D. С. Hodges. Vol. VIII, 1891. 


" Lightning Arresters and the Discovery of Non-arcing Metals." 
Alex. J. Wurts. Vol. IX, 1892. 


“ Discriminating Lightning Arresters and Recent Progress in 
Means for Protection against Lightning." Alex. J. Wurts. 
Vol. XI, 1894. 

" Theoretical Investigation of Some Oscillations of Extremely 
High Potential in Alternating High Potential Transmissions." 
Chas. P. Steinmetz. Vol. XVIII, 1901. 

“ Static Strains in High-Tension Circuits and the Protection 
of Apparatus." Percy H. Thomas. Vol. XIX, 1902. 


“ The Function of Shunt and Series Resistance in Lightning 
Arresters." Percy H. Thomas. Vol. XIX, 1902. 
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"The Grounded Wire as a Protection against Lightning." 
Ralph D. Mershon. Vol. XXII, 1903. 

“ Safeguards and Regulations in Operation of Overhead Dis- 
tributing Systems." W. C. L. Eglin. Vol. XXII, 1903. 

" Protection of Cables from Arcs Due to the Failure of Ad- 
jacent Cables." W. G. Carlton. Vol. XXIII, 1904. 

" The Protection of High Pressure Transmission Lines from 
Static Discharges.” H.C. Wirt. Vol. XXIII, 1904. 

" High. Power Surges in Electric Distribution Systems of 
Great Magnitude.” Chas. P. Steinmetz. Vol. XXIV, 1905. 

'" Ап Experimental Study of the Rise of Potential in Com- 
mercial Transmission Lines Due to Static Disturbances Caused 
by Switching, Grounding, etc." Percy H. Thomas. Vol. XXIV 
1905. 

" Some Experiences with Lightning Protective Apparatus." 
Julian C. Smith. Vol. XXIV, 1905. 

" Notes on Lightning Arresters on Italian High-tension Trans- 
mission Lines." Philip Torchio. Vol. XXIV, 1905. 

“ Performance of Lightning Arresters on Transmission Lines." 
N. J. Neall. Vol. XXIV, 1905. 

" Some Experiences with Lightning and Static Strains on a 
33,000-Volt Transmission System." Farley Osgood. Vol. XXV 
1906. 

" Methods of Testing Protective Apparatus.” Е. E. Е. 
Creighton. Vol. XXV, 1906. 

‘Protective Apparatus for Lightning and Static Strains.” 
H. C. Wirt. Vol. XXV, 1906. 

“Recent Investigation of Lightning Protective Apparatus." 
R. P. Jackson. Vol. XXV, 1906. 

"Lightning Phenomena in Electric Circuits." Chas. P. 
Steinmetz. Vol. XXVI, 1907. 

“ Protection against Lightning, and the Multigap Lightning 
Arrester." Р. B. Rushmore and D. Dubois. Vol. XXVI, 1907. 

" New Principles in the Design of Lightning Arresters." 
E. E. Е. Creighton. Vol. XXVI, 1907. 

" Notes оп Hydroelectric Plant Organization and Operation.” 
Farley Osgood. Vol. XXVI, 1907. 

“ Potential Stresses as Affected by Overhead Conductors.” 
R. P. Jackson. Vol. XXVI, 1907. 
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CURVES OF THE NoN-ARCING POWER or MULTIGAP LIGHTNING- 
ARRESTERS AND THE SHUNTING POWER OF OHMIC RESIST- 
ANCE. 


These curves and descriptive data are supplementary to a 
paper by the writer read before the annual convention of the 
American Institute of Electrical Engineers in June, 1902, and 
entitled, ‘‘ The Function of Shunt and Series Resistance in 
Lightning Arresters." In the original paper the principal con- 
ditions governing the non-arcing power of multigap arresters on 
constant potential alternating-current circuits were discussed. 
The results from which these conditions were determined had 
been plotted in the form of a series of curves which were not at 
that time published. These curves which are the result of a 
very large number of tests at several voltages and on various 
circuits are here reproduced. 

These curves although not to be interpreted with minute 
accuracy, which would be out of the question in work of this 
character, are believed to be thoroughly reliable under general 
commercial conditions. They are, of course, not of absolutely 
general applicabilitv, since for example, practically all the tests 
were made with gaps at or near one-thirty-second of an inch, and 
would presumably not hold closely for widely different lengths 
of gap; also the curve showing the shunting power of ohmic 
resistance is plotted on the assumption that the number of series 
and shunt-gaps is approximately the same. There are, however, 
so far as the writer is aware, no limitations such as have just been 
mentioned, which are not clearly stated either in connection with 
the curves themselves ór in the original paper referred to. 

It is expected that these curves will be of interest in connection 
with the papers to be presented concurrently herewith on the 
subject of the testing of lightning-arresters. 

The general method of making these tests is fully described in 
the original paper, and consisted in passing static sparks re- 
peatedly, at instants of time determined by chance, across a 
series of gaps which were connected to a generating system 
including resistance and inductance where necessary, so that a 
known current would flow through a known inductance upon 
short-circuit. The number of gaps was varied in repeated trials 
until it was determined how many would always suppress the arc 
following a static discharge, and also what was the greatest 
number of gaps which could be made to fail. Similarly with the 
shunting power of resistance. With known conditions of short- 
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circuit current from the generator, static discharges were passed 
repeatedly until both the condition of failure and the condition 
of minimum successful operation were obtained. 

The tests on 12,500- and 25,000-volt circuits were made on one 
or two generators of 5,000 h.p. capacity having an exceptionally 
large flywheel capacity. It will be noted in the curves that free 
short-circuit currents were not taken from the generators. 
The currents actually used were, however, increased up to the 
point where burning of the cylinders became a limiting factor for 
commercial work. It is obvious from the form of the curves that 
larger currents flowing from the generator would greatly reduce 
the non-arcing power of the gaps and ultimately eliminate it. 

It may be stated that a line of lightning-arresters adapted to 
all voltages from 2,500 to 50,000 has been designed from these 
curves. In some five or six years of operation, so far as the writer 
knows, they have never shown any failure to suppress the genera- 
tor arc. In a very few instances where by some accidental 
means a portion of the gaps has been cut out or a part of the 
resistance short-circuited trouble has occurred, but this cannot 
be considered a failure of the arrester to be non-arcing. 

Fig. 1 shows a number of one-thirty-second of an inch gaps 
necessary to suppress the generator arc under the worst condition 
of static discharge with different initial short-circuit amperes, 
and with different amounts of inductance in the generator circuit, 
and applies on circuits of 2,500 volts, 3.000 alternations. Each 
curve is for a definite inductance. 

On 2,500-volt circuits the non-arcing power is nearly inversely 
proportional to the initial current up to 500 or 600 amperes 
with a low inductance. 

Fig. 2 shows similar curves for a 4,800-volt circuit both at 
3,000 and 7,200 alternations with various inductances. 

On 4,800-volt circuits the non-arcing power is still nearly in- 
versely proportional to the initial current, especially with low 
values of inductance. The increase of the inductance makes an 
enormous decrease of non-arcing power. 

Fig. 3 shows similar curves for 12,500-volt circuits, at 3,000 
alternations. It should be noted in this figure that the very 
high values of inductance cause an enormous decrease in the arc- 
suppressing power of the cylinders. This shows how little can 
be determined as to the non-arcing power of a given arrester 
arrangement without a knowledge of the inductance in the 
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inductance found in commercial circuits becomes more important, 
and the non-arcing power drops and begins to decrease more 
rapidly than the initial current increases. 
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Fig. 4 is similar to Fig. 3, except that the curves are for 25,000 


volts and 3,000 alternations. 


In this figure the tendency of the 


curves to bend upward is much more marked than in Fig. 3. 
In other words, the limitation of the initial short-circuit current 
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is much more necessary in high-tension circuits than in low- 
tension circuits. 
On 25,000-volt circuits the non-arcing power drops still lower 
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on account of the predominance of the inductance of the cir- 
cuit and becomes nearlv inversely proportional to the square 
of the initial current. The necessity of some resistance on such 
a circuit 1s very evidept. 
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of shunt resistance. The gaps are as before one-thirty-second 
of an inch, between Wurts's non-arcing metal knurled cylinders. 
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The value of a given number of ohms per gap with a given 
short-circuit current is not entirely independent of the total 
voltage on the circuit of the inductance, etc., but 1s affected by 
these characteristics only to a minor degree. With high currents 
on low voltages, such as 2,500 volts, the shunting power is 
somewhat higher than with the higher voltages. 

In estimates of the non-arcing power of arrester arrange- 
ments on various circuits, the initial short-circuit current is the 
dominating factor and the method of calculation becomes of 
importance. In these curves this current is calculated from 
the generated voltage of the supply, taking into account the 
total ohmic resistance in circuit, including rheostats, lines and 
armature windings, the inductance of all coils introduced, the 
inductance of the line and of the armature, together with the 
estimated field reaction of the current in each case. It is as- 
sumed that the resistance of the arresters during discharge was 
practically zero. This method is not absolutely accurate, partly 
because the gaps have some resistance and partly because an 
accurate determination of the armature impedance and field 
reaction of the generator is difficult to make, and for other reasons. 
But this method does give values of current dependent upon the 
essential determining factors and is undoubtedly sufficiently 
accurate for all practical purposes. Of course, in using the data 
of the curves for other circuits, calculations should be made > 
according to the same methods. 

Reference to the writer's original paper on this subject is 
suggested for a description of the method of the design of a non- 
arcing arrester for a given system from the basis of these curves. 

A discussion of multiple shunt resistance will be found in papers 
by E. E. F. Creighton and by D. B. Rushmore and D. Dubois in 
Vol. XXVI of the TRANsAcTIONS of the American Institute of 
Electrical Engineers, 1907. 
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A PROPOSED LIGHTNING-ARRESTER TEST 


BY N. J. NEALL . 


It is generally recognized that the worst disturbances 
to an electrical transmission system from lightning are due to 
the unbalancing of the circuit-elements after the passage 
to ground of the initial lightning charge. 

In the development of lightning-arresters provision must 
be made not only to discharge freely any atmospheric dis- 
turbances which take place near by, but to prevent as far 
as possible any short-circuit on the system which might thereby 
arise, should two legs of the line be simultaneously discharged. 
From this it follows that hghtning-arresters in the very act of 
relieving the line, introduce other conditions of potentially 
great destructiveness, such as short-circuits, sudden grounds, 
and oscillations. | 

Since it is impossible to predict where anv given lightning 
disturbance will arise on a transmission line, the assumption is. 
made here that this is ordinarily of no consequence if it is not at. 
the lightning protective apparatus. Any source of disturbance: 
other than lightning which causes the lightning-arresters to 
operate may, however, properly be included here. 

Fig. 1 shows the elements of the test. A spark from an in- 
duction-coil is made to pass over all the gaps of the lightning- 
arresters under test. This forms a bridge for either a short- 
circuit by line current (provided two legs of the line are simul- 
taneously discharged) or for the passage of charging current 
from the stored capacitv of the system, as the case may be. 

The apparatus required consists of an induction-coil operated 
from several cells of a storage-battery by means of a mechanical 
vibrator. A small switch in series therewith enables the dis- 
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charge to be controlled at will. A condenser is placed in series 
with each terminal of the induction-coil, the one being grounded 
and the other being led through spark-gaps to such a point of 
the series of the lightning-arrester gaps that the spark from 
the coil will divide and pass over them simultaneouslv in the 
direction of line and ground respectively. 

Special gaps should be inserted in the induction-coil spark- 
circuit before connecting to the arrester under test to prevent 
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a decrease in insulation strength to ground of the arrester itself.* 

Figs. 2, 3, 4 and 5 are self-explanatory. 

It will be seen from the diagrams that the required insula- 
tion strength of the condensers thus used in testing any polv- 
phase system, is only half the nominal voltage between legs. 
for two condensers are always in series. Thus, for a test ofa 
50,000-volt line only 25,000-volt condensers are required. 

With the exception of several laboratory tests, made first in 


*See Ingram, Elec. Journal—Vol. IV, No. 4. 
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Minneapolis in September 1906 on a 2300-volt circuit to prove the 
elements of the method, no trials have been made of this method 
on transmission lines. There isno apparent reason why it should 
not be used, save that when the possibilities of the method are 
realized, most transmission operators will undoubtedly be afraid 
to try it lest it may demonstrate itself too successfully. 

There are undoubtedly plants in this country, and perhaps 
abroad, whose operators would be glad to avail themselves of any 
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such method of generating their own “ lightning’’—to employ 
a late application of this term—and the ideas contained herein 
are therefore presented with the hope that they may pave the 
way to increased knowledge of lightning disturbances and pro- 
tection against them. 
The following ideas have been suggested in this connection: 
1. The apparatus must be adjusted in size and connection 
' to individual requirements. 
2. The effect of a disturbance can be measured positively by 
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the simultaneous use of tell-tale papers at all known points where 
discharges take place to ground. 

3. The tests may be varied to suit any requirements; namely, 
short-circuits, grounding, phase to phase, etc., and may be 
made simultaneously at extreme points of a line with a duplicate 
test set if desired. 

The following characteristics have been noted, and should be 
allowed for. 
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1. The coil must give a fat spark of considerable length. 
Such a coil as is used in wireless telegraphy is well suited to this. 

2. The condensers need not be of great capacity. They may 
be of heavy glass coated with tin-foil and immersed in oil in 
stone Jars. 

3. There is apparently a definite limit to the number of gaps: 
over Which hne voltage will break simultaneously with a given 
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static discharge. This has been noted in several cases and is 
quite marked. Any increase in the number of gaps, while 
apparently not affecting the spark, will prevent the arc. 

4. Cells of storage battery permit the set to become portable, 
and thus enable field tests easily to be made. 

5. The apparatus may be made quite rugged. In case of 
high voltage the exciting-circuit knife-switch may be opened 
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and closed by an insulating handle to protect the operator 
against possible break-down of insulation between line and 
ground. 

6. The advantage in this method lies in its readiness for 
operation when required, its simplicity, and the fact that the 
induction-coil spark does not coat the cylinders or gaps with 
any metallic fumes. 
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7. It may be used for any lightning protective apparatus 
consisting of air-gaps between line and ground. 

8. It is a method of as great value to the operator of the line 
as it is to the manufacturer of lightning-arresters, because it 
gives him the best possible method of determining how success- 
ful the lightning apparatus is in meeting the demands which 
he deliberately produces. 
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9. Its intrinsic value rests on the importance of knowing as 
far as possible how great these disturbances may be, how 
efficient is any given system of protective apparatus to handle 
them, and of discovering to what degree any given transmission 
system contains in itself elements of length, arrangement and 
character of apparatus tending to prolong or increase the dis- 
turbances once initiated. 
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NOTES ON TRANSFORMER TESTING 


BY H. W. TOBEY 


Transformer testing has already received a great deal of at- 
tention, and considering the number and variety of articles upon 
the subject which have appeared, the ground would seem 
to be quite thoroughly covered, so thoroughly in fact that there 
would at first sight appear little more to add. But in view of 
the changes which have been constantly taking place and the 
rapid advance in transformer design, a general discussion of 
the subject at this time may be of value. Experience also has 
led to the adoption of certain methods in commercial transformer 
testing which for various reasons have proved satisfactory, so 
that a description of these with their advantages and short- 
comings will perhaps prove of some interest. 

Present methods of testing, like many other methods, are 
the result of gradual but constant development, in which the 
good has been as far as possible retained and the poor elim- 
inated and replaced with something better. What was suit- 
able for small transformers, for example, was found to be en- 
tirely unsuitable for large sizes, and methods which applied 
very well to transformers of low voltage had to be modified 
or entirely abandoned for high-voltage apparatus. 

Generally speaking, it may be said that tests are required 
for the purpose of determining the chief characteristics of the 
finished apparatus, thus enabling it to be compared with the 
orginal calculations and designs, and with the guarantee. 
They may be classified as follows: 

Conversion. 


Polarity. 
963 
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Resistance. 

Copper loss. 

Core-loss and exciting current. 
Regulation. 

High potential.* 

High voltage.* 

Temperature rise. 


Conversion. This test, while a comparatively simple one to 
make, is nevertheless extremely important, particularly where 
the transformers under consideration are intended for parallel 
operation or for delta connection to three-phase lines. 

The most satisfactory method is without doubt one em- 
ploying a standard multi-ratio transformer and a single volt- 
meter, provided the potential of the source of current supply 
does not fluctuate. Then, by applying a suitable common 
voltage to the high-tension side of the transformer under test 
and the standard, the two low-tension voltages may readily 
be compared and the true ratio obtained. 

Where the supply is at all unsteady or where the ratio of the 
standard varies considerably from that of the transformer under 
test, the two-voltmeter method is preferable. Accurate results 
may then be obtained by taking two sets of simultaneous read- 
ings, between which the instruments are interchanged to elim- 
inate any dissimilarity between them. 

The opposition method is also sometimes used to good ad- 
vantage. With this, however, care should be used to see 
that the low-tension voltage of the standard and of the trans- 
former under test are exactly in phase. 

As an additional precaution, single-phase transformers which 
are required to operate in parallel on single-phase circuits, or 
delta on three-phase circuits, also delta-connected phases in 
three-phase transformers, should be connected as théy are 
eventually intended to operate, and a test made for circulating 
current. This serves as a check on conversion measurements 
and is important from the fact that a slight difference in voltage 
between windings is apt to lead to serious results. 


*Both of these are essentially insulation tests. The terms ''high 
potential " and " high voltage " are used arbitrarily to distinguish be- 
nyen a test applied between primary and secondary windings and iron, 
and one applied across terminals of the same winding. The first 
tests the strength of the insulating barriers and casing, while the second 
tests the insulation between turns and between layers. 
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Polarity. The relative position of primary and secondary 
leads is ordinarily determined either by direct comparison with 
a standard transformer or by applying direct current to the 
high-tension winding, noting the position of positive and nega- 
tive connections by means of a direct-current voltmeter, then 
shifting the voltmeter leads to the low-tension winding and 
noting the voltmeter deflection upon breaking the direct-current 
circuit. When testing large numbers of small transformers 
having approximately the same voltage and ratio, the first 
method is quicker and more satisfactory. For power trans- 
formers having as a rule widely differing voltage, the second 
method is usually preferable. 

Resistance and Copper Loss. In the measurement of resist- 
ance for the determination of copper loss and total resistance 
drop, the fall of potential method gives in general the most 
satisfactory results of any of the standard methods. The in- 
struments required are less delicate than the galvanometer 
used in bridge measurements, may be readily calibrated, and 
will give accurate results over a wide range. 

When measuring resistances of small transformer windings, 
the instruments come to rest very quickly and little time is 
required for taking the readings. With large transformers, 
however, unless special precautions are taken, this is seldom 
true; for even with the terminals of the opposite winding short- 
circuited on themselves, some seconds, or even several minutes, 
often elapse before the instruments settle, so to speak, to a 
final value, and until this settling has stopped, readings will not 
indicate the true resistance. 

Fortunately, this condition of affairs may be overcome by 
forcing through the winding under test a direct current of ten 
or twelve times that finally required for the measurement, and 
after a moment or two dropping it to normal before taking 
the reading. (Of course during the passage of this increased 
current the voltmeter should be disconnected and the ammeter 
short-circuiting switch closed.) | 

While a delay of a few seconds or several minutes may do 
no particular harm at the time when cold-resistance measurements 
are made, it is extremely annoying during heat runs where 
measurements are taken at frequent intervals. Long interrup- 
tions of the load under these conditions are apt seriously to 
affect the final temperature. 

Core-Loss and Exciting Current. The influence of wave-form 
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upon core-loss and exciting current has already been carefully 
investigated, and the importance of using a sine-wave source 
of current supply is well known. It is doubtful, though, if all 
fully realize how far from a sine wave the electromotive force 
of some generators really is under actual conditions of test; 
that is, when supplying core loss to transformers. This mav 
occur, even though the wave-form of the generator is entirely 
satisfactory under normal conditions, from the fact that the 
wave becomes badly distorted at low power-factors which 
occur when transformers, particularly those designed for low 
frequencies, are operated on open circuit. The extent to which 
this distortion may reach, and its effect on core-loss and exciting 
current are clearly indicated in the accompanying curves and 
data which follow. 


Fic. 1 


The curve, Fig. 1l, was taken on one of the generators in 
question while on open circuit. The curve, Fig. 2, was taken 
on the same machine while furnishing core-loss and exciting 
current to a.transformer. It will be noted that both approx- 
imate very closely a sine wave. The oscillograph curve shown 
in Fig. 3 was taken while a generator, having a very peaked 
wave, was exciting the same transformer at the same voltage. 
The resulting core-loss and exciting-current measurements are 
given as follows: 

First case; sine wave, соге-1055 1177 watts, current 33.5 
amperes. 

Second case; peaked wave, core loss 924 watts, current 15.4 
amperes. 

By comparing these sets of readings it will be seen that in 
changing the source of supply from one, giving very nearly a 
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sine electromotive force wave, to one giving a peaked wave, 
the core-loss decreased to 79% and the exciting current to 44% 
of the original values. 

Another transformer measured under conditions shown in 
Fig. 3, and again under conditions indicated by Fig. 4. required 
respectively 5500 and 7325 watts core-loss and 25.3 and 47 
amperes exciting current, an increase of 33% and 87% respect- 
ively. These readings show the variations which may occur 
with peaked waves of the same general character. 

These figures clearly indicate the importance of referring 
all measurements to a standard form of wave. At first sight 
the peaked wave would seem to have some advantages over 
the sine wave, owing to the lower core-loss and exciting current 
values which result. After all sides of the question are con- 


Fic. 2 


sidered, however, including among other things the effect of 
wave-shape on insulation strains, etc., a sine-wave electromotive 
force is undoubtedly the best. And what is equally important, 
the generator from which the supply is obtained should not only 
maintain the standard form on open circuit and on non-inductive 
loads, but also on low power-factor inductive loads; 2.e., under 
the conditions of test. 

In the measurement of core-loss on three-phase transformers 
the windings across which the readings are taken should be 
Y connected and the opposite windings left open in case they 
are intended for delta connection. Otherwise the circulating 
current due to unequal distribution of flux in the core and to 
the short-circuiting of the odd harmonics will show up as an 
increase in core-loss, thus giving incorrect results. In case 
the transformer windings on one side are delta connected, and 


968 TOBEY: TRANSFORMER TESTING [June 26 


for any reason cannot be changed, it is preferable to connect 
both sides in delta before taking the core-loss measurement, 
The resulting circulating current will then occur in two windings 
instead of one, and being proportionally less, will produce smaller 
disturbing losses in the copper than if but one winding alone is 
delta connected. 

Regulation. In general, it is now customary to determire 
the regulation of a transformer by one of the several methods 
which require impedance measurements with one of the windings 
short-circuited on itself, this having entirely superseded the old 
way of measuring the voltage with transformer free and loaded. 

Here, too, it is important to employ a generator which will 


Fic. 3 


give a sine wave at low power-factor loads, for while it is true 
that the wave-shape does not affect the measurements so seri- 
‘ously as those mentioned under the preceding heading, never- 
theless the variation is fairly well marked. 

High-Potential Test. On low-voltage transformers this test 
is not a difficult one to apply correctly, but where the voltage 
is high the question is entirely different, and the chance for 
error is large. This is chiefly because of the absence of a suit- 
able means of measuring high potential. To be sure, either the 
conversion. method or the spark-gap method may be used, 
though both are open to criticism. Individual conditions alone 
can determine which is most suitable. 

If the testing transformer has extremely close inherent regu- 
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lation, and the charging current under conditions of test is 
but a small proportion of its normal current capacity, it is 
reasonably safe to rely upon multiplied by the low-tension 
voltmeter reading, and to consider that this times the ratio of 
conversion is an approximate indication of the high-tension 
voltage. І these conditions do not exist, the spark-gap method 
must be relied upon. It should be used, however, with great care. 

As the conditions under which the testing outfit operate 
are changed entirely by the introduction of the transformer 
under test, it is obviously not right to measure the high-tension 
voltage by spark-gap before this transformer is connected. On 
the other hand, if the transformer is connected in, together 
with the properly adjusted spark-gap, and the voltage is raised 
until the latter arcs over, high-frequency oscillations almost 
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invariably occur and result in a rise in voltage. The final value 
of this voltage may be considerably higher than that required, 
resulting possibly in an uncalled-for break-down of insulation. 

Such a disturbance may be overcome in one of two wavs, 
both of which have been tried with satisfactory results. The 
first consists of inserting in series with the gap a high resist- 
ance,* the presence of which prevents the occurrence of a high- 
frequency disturbance when the spark-gap breaks down. The 
only precaution necessary in the use of this auxiliarv resistance 


*For potentials ranging from 100,000 to 200.000 volts, a resistance 
consisting of a dozen U-shaped glass tubes one-half inch inside: dia- 
meter and two feet in length will be found satisfactory. These should 
be mounted in a suitable rack, filled with water and connected in 
series. 
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is the calibration of the spark-gap with the resistance in series, 
as its presence will in general increase the effective value of 
the gap. In other words, the distance between needle-points, 
as given in the standard Institute table, may need to be de- 
creased by from 5% to 10% to obtain correct results. 

The other method referred to above, consists in making all 
connections for the high-potential test and placing the spark-gap 
across the circuit, the gap previously having been set, however, 
for a somewhat lower voltage than that required, two-thirds 
for example. The voltage is then increased, and the low-ten- 
sion voltmeter reading is noted at the moment the spark-gap 
breaks. The gap is now disconnected and the electromotive 
force again raised until the voltmeter reading, in the case cited, 
is 50% greater than before. The desired potential is thus 
obtained with fair accuracy without any disturbance in the 
circuit. 

The importance of using a sine-wave generator for supplying 
current to the testing transformer is hardly to be questioned. 
Otherwise, it will be extremely difficult to obtain the desired 
testing strain. 

As to varying the voltage of the high-potential transforiner, 
several methods are possible, including the use of a variable 
resistance, a variable reactance, or changing the excitation of 
the generator field. The first, except perhaps in the case of 
low-voltage tests on small apparatus, should not be resorted 
to,asit has a very disturbing effect on the wave-form. The 
second gives more satisfactory results in this respect, and serves 
very well when the required range is not too great. In general, 
the last method; which is that of varying the generator-field 
excitation, is perhaps more often used, chiefly because it enables 
the voltage to be varied gradually over a wide range. Low field- 
densities, however, are apt to lead to armature reaction if the 
machine is furnishing anything like full-load current, so that 
even with this method some distortion of wave-form may result. 

A discussion of this branch of the subject would hardly be 
complete without some reference to the effect which the time 
of application of the high potential has on the resisting strength 
of insulation. In other words, if an insulating material will 
safely withstand 50,000 volts for one minute, what potential 
wil it withstand if the test 1s continued for five minutes and 
what will it resist indefinitely? 

This relation between time and voltage is fairly well repre- 
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sented by the curve shown in Fig. 5. This was obtained from 
a series of tests on sheet insulation, potential from a 60-cycle 
sine-wave generator being applied to two brass discs arranged on 
opposite sides of the test piece. 

It will be noted that for periods of one minute the sample 
safely withstood a pressure of 65,000 volts. For five-minute 
tests it was necessary to lower the pressure to about 70% of 
this value, or 46,000 volts; while in order to resist the test in- 
definitely, the applied voltage had again to be lowered to 27,500 
or about 40% of its original value. 

These figures can hardly be taken as general, for they change 
considerably with different kinds of insulation and the resulting 
curves assume widely varying forms. In most cases the reduc- 
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tion 1n strength as the length of the test increases, is much less 
than indicated above, so that in comparing the instantaneous 
test and continuous test, for example, the reduction is nearer 
50% or 60% instead of 70% as in the sample noted. These 
figures serve to emphasize, nevertheless, the undesirability of 
long-continued strains, and tend to confirm the advisability of 
retaining the present one-minute standard. 

High-Voltage Tests. The test which determines the strength 
of insulation between turns, between layers, and between leads, 
is equally as important as the '' high-potential" test just re- 
ferred to. If the transformer windings withstand double volt- 
age, or, in the case of lightning transformers, triple voltage, 
their internal condition is reasonablv well assured. 
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In applying this test it is usually advisable, and in most cases 
necessary, to use a frequency considerably higher than that 
for which the transformer was designed; otherwise the exciting 
current will become so excessive as to make it difficult or even 
impossible to obtain the desired increase in voltage. 

In general, satisfactory results are obtained by employing ` 
a frequency as much above that for which the apparatus is 
designed as the test voltage is above normal terminal voltage. 
With a 60-cycle transformer under consideration, for example, 
120-cycle current gives good results for double voltage tests, 
while 180 cycles is usually satisfactory for triple voltage. A 
180- to 200-cycle generator answers very well therefore in the 
majority of instances. 

Temperature Tests. Except perhaps in the case of special 
tests on small transformers, or where a single transformer is 
to be tested, the differential method of applying load for the 
temperature test or heat run is the most satisfactory and prob- 
ably the one most universally used. This ensures very nearly 
the conditions of actual operation, enables the work to be 
carried on with a minimum waste of power, and requires a com- 
paratively small amount of auxiliary apparatus. The total 
losses occurring are in general somewhat in excess of those 
which would take place if the transformer were normally excited 
and loaded on a dead resistance, or, if it were operating under 
actual conditions of service, therefore the results are always 
on the safe side. 

While it is perhaps preferable to make this run at normal 
frequency, both on the exciting and loading side, still this is 
not absolutely essential to satisfactory results. In fact, two 
entirely different frequencies may be employed if desired, it 
merely being necessary to adjust the exciting voltage so as to 
obtain what has already been found to be the true core-loss 
at normal frequency and then to feed the required current 
into the other side. (By normal frequency is meant the fre- 
quency at which the apparatus is intended to operate). 

The resistance readings taken at intervals during the run for 
the purpose of temperature determinations should obviously 
be made with the shortest possible delay in view of the neces- 
sary removal of load at such times. It is here, therefore, that 
the precaution mentioned under the subject of '' Resistance 
and Copper Loss " is most useful. By observing this, and by 
employing a suitable arrangement of double-throw switches 
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to which the measuring instruments and source of direct-current 
supply may be permanently connected, the time required to 
take a resistance reading is reduced to a minimum. 

General. The order in which tests should be made, depends 
more or less upon local conditions, so that no fixed rule can be 
given, nor, in fact, is one necessary. . The general order in which 
the tests have here been described is perhaps as good as any. 
It has the advantage of placing the heat run at the end; so 
that in case any part of the insulation has been injured by pre- 
vious tests, the fault will become evident while the transformer 
is under load and operating under service conditions. It is 
sometimes considered advisable, however, after the heat run 
has been finished, to repeat the measurements of core-loss 
and exciting current. Any defect in the winding will then be 
apparent at once. | 

The question of instruments with which to carry on the various 
tests has not been touched upon, for this forms a com- 
plete subject in itself. It is needless to say that the selection 
of instruments should be made with the utmost care, as on 
their construction and accuracy depends the value of the tests. 

Not only should they be selected carefully, but the same 
care should be exercised in their handling and use, and frequent 
calibrations, at least as often as once a week, should be the rule. 

Testing as a whole requires painstaking and constant study, 
and changing conditions of design and construction must be 
carefully followed if it is to fulfil its purpose. — 
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A NEW TYPE OF INSULATOR FOR HIGH-TENSION 
TRANSMISSION LINES 


BY E. M. HEWLETT 


LINK INSULATORS. SUSPENSION AND STRAIN TYPE. 


The transmission of large amounts of power over long distances 
has reached such proportions that the voltage necessary to 
transmit this energy makes the problem of line insulation 
difficult. The so-called ' pin" type of insulator has been 
enlarged to meet the greater demands until it has approached, 
if not already passed, the limits of good construction. Mr. 
Buck has given this matter a great deal of study in his high- 
potential transmission work, and being dissatisfied with the 
mechanical features of a pin insulator, has devised a method of 
line construction involving the use of “ suspension ” and “ strain" 
insulators. The suspension insulators support the line from 
above, hanging vertically beneath the cross-arm (or other point 
of suspension). The strain insulators are used at turns and at 
intervals of say, every mile, to support and '' anchor ” the line, 
also as pull-off insulators on curves and to dead-end lines. 

It is intended in this paper to give some mechanical and 
electrical tests and describe a porcelain insulator which the 
writer has designed to carry out this method of supporting of 
high-potential transmission lines. 

Each insulator unit isa flanged or petticoated disc with an en- 
larged central portion having two interlinked semicircular 
holes. It is called a “ link insulator " because it is used to in- 
sulate the interlinked tie-wires. The holes in the insulator are 
So arranged that the tie-wires which pass through them exer 
a compression strain on the porcelain (Fig. 4). Should the insulator 
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break, the tie-wire loops will still be intermeshed (Fig. 5), and 
as the discsare used in series, witha factorof safety, the remaining 
discs prevent a ground being formed until the break can be 
repaired. The link insulator for suspension (shown in Fig. 1) 
is a petticoated disc, while the strain insulator (Fig. 2) is a 
disc with a grooved flange. The mechanical and electrical 
features of the two forms of insulator are essentially the same. 
The petticoats and flanges are so arranged that one side of the 
insulator is always protected from rain. 

A diameter of 10 in. for both types of insulators has been 
found by experiment to be most convenient, and such insulators 
are suitable for a working voltage of 25,000 volts per disc. For 
higher potentials the discs are placed in series; for instance 
four 10-in. discs would be suitable for a 100,000 volt line. As 


Fic. 3 


the separate discs arc when wet at approximately 65,000 volts, 
the rated voltage of 25,000 volt is within safe limits. The 10-in. 
discs were tested for strength and supported a load of three tons. 

The insulators described above being made of one piece of 
porcelain, no cemented fittings or sections are necessary. They 
are not affected by extreme heat or cold, having stood the test 
of a severe winter. Tests prove that insulators with sheltered 
surfaces stand a much higher rain test than a much larger in- 
sulator which has no dry surface, as for example, a flat disc 
without the flange or petticoat. 

Fig. 3 shows a possible method of line support using ten 
towers per mile, in which the line is anchored at the end of each 
mile and at curves, and suspended at intermediate towers. 
From the cut it will be noted that the conductor is looped around 
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the strain links at the anchorage towers. The use of this type 
of insulator does away with torsional strain on the cross-arms, 
giving it a decided advantage over the pin insulator. It is 
obvious that the link insulator is adaptable to a great variety of 
conditions. 

Fittings have been designed for use with these insulators to fit 
the conditions thus far presented, but each case should be con- 
sidered as it comes up, and such fittings designed as are necessary. 
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SOME NEW METHODS IN HIGH-TENSION LINE 
CONSTRUCTION. 


BY H. W. BUCK. 


The great economies in the cost of generating power which 
have been obtained in the large steam turbine stations and 
hydroelectric plants, are leading to the general abandonment 
of small generating stations and the increase in transmission 
distances in order to distribute power over a large territory. 
In other words, 100,000 h.p. can be generated in one station 
and transmitted 100 miles cheaper than it can be generated and 
distributed from ten 10,000-h.p. stations near the center of load. 
On account of this tendency toward the concentration of genera- 
ting units, the overhead transmission line has assumed a position 
of great importance in electrical installations, and the same 
permanency and reliability is demanded of it as of the gen- 
erating station itself. The wooden pole line of the past has 
been practically abandoned and steel construction has been 
substituted. 

The long distances covered by many of the: modern lines, 
the large amounts of power to be transmitted, and the very 
high price of copper and aluminum—all have combined to force up 
the transmission voltage to the highest practicable limit. In 
consequence the demand for high-voltage overhead line insulators 
has outgrown the present standard practice, and some new svs- 
tems will have to be introduced to meet the new conditions. 

The method of line construction here described has been de- 
veloped by the writer and Mr. E. M. Hewlett and is believed to 
offer a means of operating lines safely at higher potentials than 
is practicable with insulators of the pin and petticoat type. 

Fig. 1 illustrates in a diagrammatic wav the arrangements for 
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one circuit. The tower supports shown here are those which 
were used merely for experimental work and need not be con- 
sidered as a commercial design. Each span is dead-ended at 
each support as shown, through a series of insulating units which 
in this case are plain discs connected tógether with steel links. 
The various spans are then electrically connected by jumpers 
hung below theinsulators. The insulators are directly attached 
to the cross-arms, eliminating all pins. The number of discs 
linked together in series depends upon the line voltage, the 
discs themselves being identical for all voltages. 

Fig. 2 illustrates a design for a 100,000-volt two-circuit line 
which is soon to be constructed for transmitting 50,000 h.p. 
165 miles. The spans in this case will range from 500 to 1000 
ft. in length. Here the line is suspended below the cross-arm 
on most of the towers. The lines will be dead-ended with 
jumper connection as shown only at angles and on tangents at 
about every fifth tower. This dead-ending will be for the 
purpose of stopping any creeping of conductors on the line as 
a whole, to check the transmission of longitudinal waves along 
the conductors due to wind, and on curves to take the side 
stress of the conductor due to change in direction. In this 
installation the lines will not be triangulated, but at suitable 
intervals along the lines the conductors will be transposed so 
as to balance up effects of mutual static and magnetic induc- 
tion. Special cross-arms will be installed at transposition 
towers. 

Fig. 3 illustrates another design for a two-circuit line which 
is to be built for $0,000-volt operation. The spans in this case 
will range from 300 to 400 ft. and the conductors will have an 
approximate triangular relation. The conductors will be sus- 
spended by a series of insulators from the cross-arms as in Fig. 2 
with occasional rigid attachment, for the reasons given above. 

Fig. 4 shows a method of assembly of the insulators for sus- 
pension under a cross-arm. Fig. 5illustrates a method of as- 
sembly where spans are dead-ended at the cross-arm with 
jumper connection. 

The advantages of this construction, which might be termed 
“© series unit insulation," over the pin and petticoat type may 
be summarized as follows: 

a With the standard tvpe of pin insulator now used the difficul- 
ties of construction increase very rapidly at the higher voltages. 
The cost of insulator for a given margin of safety increases for 
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voltages above 60,000 nearly as the cube of the increase in vol- 
tage. Either very large petticoat diameters must be used, or 
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very high insulators with many petticoats. In either case the 
manufacture of the porcelain parts is a difficult and expensive 
matter, and with the long pin necessary, the mechanical stresses 
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from the line on insulator, pin, and cross-arm are objectionable. 
With the series unit system here proposed, the cost of insulator 
progresses only in direct proportion to the increase in voltage, 
the onlv change being in the number of units in series. There 
is practically no limit to the degree of insulation obtainable. 


t 
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b One of the most difficult elements of design in a transmission 
tower where long pins and petticoat insulators are used, is to 
obtain a cross-arm which will resist the torsional stresses due to the 
leverage of the pin. With the pinentirely eliminated, the stresses 
are directlv applied to the cross-arm; this cheapens the con- 
struction of the tower. 
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c In the arrangements shown where the insulating units are 
attached on either side of the cross-arm, taking the full tension 
in the line with jumper connection between spans, the insulation 
can be increased indefinitely by adding discs in series without 
increasing the space occupied on the tower. 

d Where each span is dead-ended, as in (c), all faces of the 
insulating units are exposed to the cleansing action of the rain, 


so that dirt cannot accumulate thereon. This arrangement 
also prevents the dripping water from forming electrical com- 
munication between units as occurs from one petticoat toan- 
other in the pin type of insulator. 

e A standard insulating unit can be adopted for all vol- 
tages, the only variation being in the number linked in series. 
This simplifies the manufacturing problem. 

j If any insulating unit becomes damaged or completely 
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shattered, the insulation of the remainder is not affected. The 
damaged unit can be replaced without the necessity of renew- 
ing the whole. 

g If a tower is directly struck by lightning the cross-arms 
will be likely to take the discharge, since they are above the 
lines, whereas in the pin type of insulator the line is usually 
the highest point. 

h In long-span installations where the conductor at each 
end of the span is tied fast to an insulator mounted on a pin, 
experience has shown that crystallization is apt to take place 
in the conductor at the tie, due to its rigidity at that point 
and the vibrations in the span. This frequently results in 
breakage of the conductor. The flexible connection between 
conductor and cross-arm afforded by the series of insulators 
should reduce this tendency to crystallization, and should there- 
fore permit spans of any length to be used without further 
precautions against this action. 


Fears may be expressed that with the conductor suspended 
under the cross-arm serious swinging to and fro might take place. 
From numerous observations it is believed that no such swing- 
ing will occur. Long aerial spans under wind pressure take a 
permanent and steady deflection throughout the span pro- 
portional to the average wind velocity along the span, and no 
indications have been observed of long spans responding to 
so-called gusts. The towers shown in this paper are designed 
so that the conductor can safely be deflected by the wind about 
60? on either side of the neutral position. 

Insulators of a great many forms have been built and tested, 
but the one which gives the best results electrically and mechani- 
cally is the link type developed by Mr. Hewlett and hav- 
ing the grooved or fish-tail periphery. Four of these in series 
is sufficient for 100,000-volt operation with a liberal factor of 
safety. 

A very important element in this construction is of course 
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the methods of fastening the insulating units together and 
attaching them to the line and cross-arms. This can be accom- 
plished in many ways and several methods have already been 
worked out, but these details are beyond the scope of this paper. 
Further experience in practical line construction and opera- 
tion under this system will demonstrate the best methods of 
installation and attachment. 
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SWITCHBOARD PRACTICE FOR VOLTAGES OF 60,000 
AND UPWARDS 


BY STEPHEN Q. HAYES 


The idea of this paper is to touch briefly on the salient points 
of interest in connection with high-voltage switching practice 
and if possible to bring out in the discussion the opinions of 
Various engineers interested in this line of work, relative to such 
points as have not, been definitely settled by standard practice 
as being the best solution of the problem. 

The reason for limiting this paper to voltages of 60,000 
and upwards is that while the design of stations for voltages up 
to 60,000 has often been described but little has been wntten 
regarding any for higher pressures. It might be remarked, 
however, that the switchboard practice for these higher pressures 
does not differ very materially from that found desirable for 
voltages from 33,000 to 60,000. In fact 33,000 volts seems to be 
the critical point at Which it is found advisable to change the 
tvpe of switching devices, wiring, etc., and most of the remarks. 
in this paper would apply for any installation above 33,000 volts. 

In comparing the merits of different tvpes of apparatus, the 
relative advantages and disadvantages of the conflicting designs 
have been stated in a manner as free as possible from bias, but 
the statements are of course the personal opinions of the writer 
and consequently are open to criticism from others having a 
different point of view. 

The matter of suitable switchboard equipment for any plant 
may be briefly summarized as follows: 

I. General Scheme of Connections. Under this heading it 
is necessary briefly to consider the following matters: 


a. Tvpe of plant. 
089 
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b. Frequency. 

с. Transformers. 

d. Flexibility versus simplicity. 

e. Main connections. 

II. Necessary equipment. Under this heading should be 
weighed the relative advantages of the following: 
Switchboards, panel type. e 
Switchboards, pedestal type. 

Switchboards, desk or bench-board tvpe. 
Types of oil circuit-breakers. 

Types of disconnecting-switches. 

Types of protective apparatus. 

Bus-bars and wiring enclosed. 

. Bus-bars and wiring open. 

II. Present design. 

a. Typical station for 60,000 volts. 

b. Typical station for 100,000 volts. 

IV. Future design. 

a. Indoor transformer and switching stations. 

b. Outdoor transformer and switching stations. 

I-a. Type of plant. Without exception, in America plants 
operated at or designed for voltages of 60,000 or higher emplov 
three-phase circuits and obtain the high voltage by means of 
transformers. For this reason this is the only type of plant 
which will be considered in this paper as being of practical interest 
at present. 

I-b. Frequency. Nearly all the important transmission 
systems operate at frequencies of 25 or 60 cycles, although 
frequencies between these limits are used in Mexico and else- 
where, and a lower frequency has been suggested for large 
railway work. The switching equipment, however, being 
independent of the frequency, it is unnecessary to consider this 
matter here. 

I-c. Transformers. For plants of the type considered in this 
paper the transformers are invariably oil-insulated and usuallv 
water-cooled, and mav be built either in single-phase or three- 
phase units and connected in delta or star. With delta con- 
nections it is often desirable to cut out anv one transformer. 
leaving the remaining two connected in V ; knife-switches or oil 
circuit-breakers are sometimes supplied for this purpose in addi- 
tion to the other switches or breakers that would normally be 
used. 
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With star connections, if the neutral is grounded, it is often 
feasible to use smaller switches, breakers, etc., owing to the lower 
insulation strain. By connecting the instrument series trans- 
formers at this neutral point instead of in the main leads a 
cheaper and better arrangement for supplying current to the 
meters or relays can often be made. "The relative advantages 
of delta or star connections, being a question of transformers and 
not of switchboards, will not be taken up in this paper. 

I-d. Flexibility versus simplicity. In settling on the design 
of a power plant, it is necessary for the engineer to consider 
carefully the relative importance of flexibility and simplicity 
and to determine the relative value of apparatus needed only in 
emergencies and the saving resulting from its omission. While 
it 1s possible to duplicate the equipment of switches, bus-bars, 
etc., so as to take care of almost everv contingency or to reduce 
the equipment so that trouble in one or two places may seriously 
cut down the output of the plant, a happy medium can usually 
be found. 

Although the conditions of each plant have to be carefully 
examined, and due consideration given to the nature of the load, 
capacity of station both for initial and ultimate installation, 
sizes of generator, and transformer units available, the general 
problem for all plants is to obtain the maximum amount of 
flexibility and safety with the minimum cost of apparatus and 
building to house the apparatus. This 1s particularly true with 
plants for extremely high voltages, and many ingenious and 
effective schemes have therefore been evolved for reducing the 
number of high-tension breakers, switches, etc., to a minimum. 

I-e. Main connections.. The paper read by Mr. D. B. Rush- 
more before the annual convention of the Institute in Milwaukee, 
Мау, 1906, on the subject of '" Electrical Connections for Power 
Stations," covered the subject so fully that the writer will not 
devote much space to 1t here. 

The relative advantages of the single bus-bar system, double 
bus-bar system, the group system, and the ring system are 
matters for discussion; the particular system decided on is often 
a matter of local conditions and a compromise between flexi- 
bility and cost. 

Except where local conditions of low head or some other cause 
limit the size of the generators, it 1s usually advisable to have 
the transformer banks equal to the capacity of one or two gen- 
erators, and to have the transmission lines of the same capacity 
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as the transformer banks, to permit independent operation of 
the outgoing feeders with the minimum amount of apparatus 
and the maximum amount of flexibility. To obtain this flexi- 
bility and ready interchange of units, it 1s necessary in most 
instances to install a low-tension and a high-tension bus-bar, 
although occasionally it is feasible to have the generators 
connect directly to a bank of transformers or to have the trans- 
former bank feed out directly on the line. 

II. Switchboards. In practically all, high-voltage plants of 
recent design the high-tension circuits are controlled by electn- 
cally operated oil-switches or circuit-breakers. The devices 
for use with these oil-switches are usually mounted on a switch- 
board of the (a) panel type, (b) pedestal type, or (c) desk, or 
bench-board type. Occasionally two or more of these tvpes 
are used in the same station. 

The material of the switchboard panels or the top of the con- 
trol desk or face of pedestal is ordinarily blue Vermont marble 
or slate with either oil or marine finish. Blue Vermont marble. 
in the opinion of many people, presents a somewhat finer ap- 
pearance than the slate, but it has the drawback of showing oil, 
stains and scratches, and it 1s hard to obtain a good match for 
large switchboards. The difficulty of keeping an exact record 
of the shade and markings of the marble shipped to a certain 
customer in case it is desired to supply additional panels or 
additional desk sections at a later date, militates somewhat 
against its use. 

The slate, whether marine finish or oil finish, has the advantage 
of presenting a far more uniform shade and a shade which mav 
be duplicated with almost absolute certainty when additions 
are desired. While it is almost impossible to remove a deep 
scratch or bad spots from a polished blue Vermont marble panel, 
it is a fairly simple matter with oil-finished or marine-finished 
slate. The oil-finished slate panel can be treated with vaseline, 
while with marine finish, additional paint put on with an atomizer 
can be used to cover any spots, scratches or other imperfections. 
The dull-black finish of the slate, moreover, causes the instru- 
ments, controlling devices, etc., to stand out in bolder relief and 
has no tendency to reflect the light in the eyes of the attendant. 

II-a. Panel boards. Where the panel type of board is used, 
the panels are simply modifications of those required for lower 
voltages. The usual equipment of instruments for the generators 
transformers, feeders, etc., are mounted on the same panels as 
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the controlling devices. This type of construction is used where 
the number of units is comparatively small, and the length of the 
board will not be too great. It is also emploved where the 
space needed for the instruments is so great that any attempt 
to reduce the length of the operating board by mounting the 
controlling devices on a desk, or any more compact arrange- 
ment, will result in placing the instruments at such a distance 
from the operator that it will be difficult for him to see their 
scales and pick out the meters belonging to any one circuit. 
The plant of the Canadian Niagara Power Company is equipped 
with this type of panel board. 

П-Б. Pedestal type. This type of control is ordinarily used 
in plants with voltages lower than those referred to in this 
paper and where the number of generators is small in com- 
parison with the number of feeders. In this case the generators 
are controlled from pedestals while the feeders are controlled 
from panels. This system is, however, sometimes used for 
high-voltage plants and was adopted for the distributing station 
of the Ontario Power Company at Niagara Falls. With these 
control pedestals it is customary to furnish posts for the instru- 
ments. 

II-c. Control desk or bench board. Where it is desired to 
reduce the length of the operating board to a minimum, it is cus- 
tomary to install a control desk or bench board, and to mount on 
the top of the desk the various controllers for the circuit-breakers, 
electrically operated field-switches, field rheostats, governor 
motors, etc. Wherever possible, the instruments for the 
various circuits are mounted in such a position relative to the 
sections of the control desk as to indicate clearlv to the station 
operator the instruments belonging to particular circuits. 

With a control desk, the instruments may be mounted either 
on independent switchboard panels, on panels forming the back 
of the control desk, or in an instrument frame back of and 
usually higher than the top of the control desk, or on instrument 
posts. Where independent panels are used with a control desk, 
the panels usually occupy a greater amount of space than the 
desk, and it is possible for the station operator to become con- 
fused in determining the instruments belonging with a certain 
generator or feeder whose controlling devices are on the desk. 
As a rule, card-holders or name-plates are placed both on the 
desk and in the panels, and the grouping of the instruments 15 
made to correspond as far as possible, with the grouping of the 
controlling devices. 
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Where the instrument panels form the back of the control 
desk the instruments are arranged to correspond in location with 
the controlling devices for the same circuits. This is the tv pe of 
desk used by the Electrical Development Company at Niagara 
Falls. 

A modification of this arrangement permits the station at- 
tendant to face the generator room and readily observe the 
operation of the machine he expects to control. Ап independent 
instrument frame is provided back of, and above the control 
desk and its height 1s such that the operator looks over the top 
of the desk and under the bottom of the frame. 

A control desk 18 ft. long and an instrument frame of the tvpe 
referred to are shown in Fig. 1, which illustrates the equipment 
being furnished for the control of six 5000 kw. generators, six 
banks of 88,000-volt transformers, and four 88,000-volt trans- 
mission lines. 

In the plant for which the desk shown in Fig. 1 is used, each 
of the six transformer banks is provided on the high-tension 
side with an electrically operated oil circuit-breaker and a 
double set of disconnecting-switches, so that a bank of trans- 
formers may be connected to either of the two sets of high-ten- 
sion bus-bars. These two sets of high-tension bus-bars are 
divided in the middle, but may be tied together through electri- 
cally operated junction circuit-breakers. The two sets of bus- 
bars on each side of the junction breakers may also be connected 
by means of electrically operated tie-breakers. 

The four outgoing transmission lines are each provided 
with an electrically operated oil circuit-breaker and a double set 
of disconnecting-switches, so that the breaker may be connected 
to either of two sets of bus-bars. With this arrangement it is 
possible to operate the four transmission lines entirely inde- 
pendently, and a very flexible combination of generators, trans- 
formers, and lines may be obtained. 

The top of this desk is made of marine-finished slate, while 
the ends, front,and back are made of planished steel plate, which 
is light, strong and readily removable to permit access to the 
interior of the desk. The instrument frame is of steel and 
the unit idea has been carried out to allow for future extensions. 

This desk, like most of those where the connections are at all 
complicated, is provided with a miniature bus-bar svstem with 
the usual red and green lamps to indicate whether the breaker is 
open or closed. As the double-throw svstem on the high-tension 
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circuits is obtained by means of disconnecting-switches, minia- 
ture disconnecting-switches are placed in the mimic bus-bars. 
The idea is that the station attendant, after closing or opening: 
anv of the high-tension disconnecting-switches, will report the 
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Fic. 1—Control desk for S8,000-volt plant ' 


fact to the switchboard operator so that the latter may set the 
miniature ones to correspond. As the arrangement of the dis- 
connecting-switches is not likelv to be changed from day to 
dav,it is believed that this scheme will furnish the operator with 
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all necessarv information as to the conditions of the high-tension 
connectior s. 

In this plart the electrical control is extended to the field and 
exciter circuits as well as to the generators, transformers and 
lines. <All the controllers, etc., are mounted on the top of the 
desk, the instruments beirg in the switchboard frame. With the 
exception of the power-factor meters, where a 360-degree scale 
was desired, and the synchroscope, where it is necessary for 
the needle to revolve, all the meters, both alternating current 
and direct current are of the same general appearance. 


Fic. 2—Switchboard for exciter and field control for 88,000-volt plant 


The motor-operated rheostats and the solenoid-operated 
switches for the exciters and the field circuits of the generators 
are arranged to form the panel board shown in Fig. 2. 

The four outgoing 88.000-volt lines were each provided with a 
complete set of graphic recording ammeters, voltmeters, watt- 
meters, power-factor meters, and frequency meters, as well as 
polyphase integrating wattmeters. | 

The control desk for the line and transformer circuits in the 
receiving station of this plant is very similar to that for the 
generating station, but some additional refinements are being 
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introduced. Instead of having miniature disconnecting-switches 
on the desk, small green telephone lamps will be placed in the 
miniature bus-bar system on the desk. These lamps will be 
connected in series with a standard incandescent lamp and a 
snap-switch located in the high-tension room, or in the passage 
way from which the disconnecting-switches are to be operated. 
The intention is to have the station attendant, after pulling out 
the disconnecting-switches, turn on the snap-switch and in 
this manner light the green lamp on the desk and the standard 
lamp near the switch. In a similar manner, after closing the 
disconnecting-switch, the snap-switch is turned to extinguish 
the light. Failure of the telephone lamps would indicate the 
danger position ; that 1s, that disconnecting switches were closed. 

In this receiving station,as 1t will be difficult for the attendant 
in the passage-way near the disconnecting-switches to see 
whether the oil circuit-breaker is open or closed, red and green 
lamps will be installed opposite each set of disconnecting- 
switches. These lamps will be operated by a signal-switch on 
the oil circuit-breaker, in the same manner as the red and green 
indicating lamps on the control desk. 

The synchronous motors of the motor-generating sets, as well 
as the gas-engine-driven generators for the reserve power, are 
to be operated from the control desk, while the railway gen- 
erators, alternating-current and direct-current feeders will be 
controlled from panels. 

11-4. Oil-switches and circuit-breakers. The terms  '" oil- 
switch " and ''oil circuit-breaker " are used synonymously in 
this paper. While in a few cases the oil-switches for high-tension 
plants may be and are operated by hand, these cases are excep- 
tional, ard cnly the oil-switches or breakers intenced for electrical 
operation wil be considered. These are usually one of two 
distinct types, and the engineer has to weigh the relative ad- 
vantages of the different designs. 

One type of switch is essentially a bottom-connected motor- 
operated switch intended for mounting in a masonrv structure 
with each pole in a separate fireproof compartment, and each 
contact in a separate pot with terminals at the bottom of the pot. 
The other type of breaker 1s essentially a top-connected solenoid- 
operated self-contained breaker with the two contacts forming 
one pole іп the same tank. The different features of these two 
designs will be taken up in order. 

Bottom-connected versus top-connected. With the bottom- 
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connected breaker, particularly when made with a wooden pot, 
considerable difficulty is experienced in making an oil-tight 
joint where the contact passes through the bottom of the pot. 
The top-connected breaker does not have this difficulty to con- 
tend with. With the bottom-connected breaker, the operating 
mechanism is entirely separated from the leads, while with 
the top-connected breaker the operating-rod as well as the 
leads pass through the top of the tanks and are necessarily closer 
together than the operating-rod and the leads of the bottom- 
connected breaker, which are at opposite ends of the pots. 

Motor operation versus solenoid operation. On one switch 
the operating mechanism, consisting of a motor with suitable 
rods, springs, clutches, etc., is located on a base above the pots 
and supported by the walls whichform the fireproof compartment 
for the poles. This mechanism is ordinarily at such a height 
from the floor that it is necessary for the station attendant to 
stand on a ladder in order to oil the motor or adjust any of the 
mechanism. 

With the solenoid-operated breaker, the solenoid toggles, etc., 
are located on or near the floor in such a position that the 
station attendants can readily inspect and adjust them while 
standing on the floor. 

Type of oil tanks. The motor-operated bottom-connected 
breaker is arranged with the two pots forming one pole of the 
switch mounted in a common horizontal platform supported at 
the four corners by wooden legs. This type of switch requires 
a comparatively small amount of oil and has the advantage 
that the circuit is opened in two independent receptacles j er 
phase. With this bottom-connected arrangement, however. 
the sediment of the oil tends to settle on the contacts. 

The circuit between the terminals in the bottom of the two 
tanks forming one pole of the breaker is made through metal 
plunger-rods attached to a metal cross-piece external to the 
tanks. A motor-operated mechanism connecting through wooden 
rods to the metal cross-piece moves it and the plungers vertically 
upward to open the circuit. The exposed metal parts above 
the tank and the bare terminals below, necessitate the enclosing 
of the switch in a masonrv structure for the protection of the 
attendant. Doors are provided for each compartment of the 
structure to permit the ready inspection of the tanks, etc., but 
the removal or breaking of a door leaves these live metal parts 
a source of danger. 
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This motor-operated bottom-connected switch is the type in- 
stalled in the 60,000-volt circuits of the Electrical Development 
Company at Niagara Falls and Toronto. 

With the top-connected solenoid-operated breaker, metal 
tanks with insulated linings are used, and the two stationary 
contacts forming each pole are located under the oil near the 
top of the tank where sediment cannot settle on them. These 
contacts are, however, carefully separated by barriers so that 
the same result 1s secured as though each contact were in a 
separate tank. 

The circuit between these stationary contacts is completed 
by plungers connected to a cross-arm and moving vertically 
downward to open the circuit. These cross-arms are connected 
through wooden rods to a toggle mechanism operated by a 
single direct-pull solenoid located on the floor in front of the 
breakers. All the live metal parts are completely submerged 
in oil, while the leads brought out through the top of the case 
are very heavily insulated. As the tanks, mechanism, etc., 
are grounded for the protection of the attendant, there is no 
necessity of enclosing the breaker in a masonry compartment. 

The tops of the tanks are so made that the terminals, contacts, 
etc., can be readily got at for inspection, etc. This top-con- 
nected breaker is built in two different tvpes, one with boiler 
iron tanks for very large capacities and the other with sheet 
metal tanks for smaller capacities. 

The solenoid-operated top-connected breaker with boiler- 
iron tanks 1s the type installed on the 60,000-volt circuits of the 
Ontario Power Company and is guaranteed to open safely under 
any condition of overload or short-circuit that might arise in a 
plant with 200,000 kw. capacity in generators. The general 
appearance and over-all dimensions of this 60,000-volt breaker are 
shown in Fig. 3 while Fig. 4 covers a similar breaker designed 
for corresponding service at 120,000 volts. 

The other type of top-connected breaker, intended for smaller 
installations and provided with sheet-metal tanks with wooden 
lining, is shown in Figs. 5 and 6, the former giving the over-all 
dimensions and the general appearance of the 60,000-volt breaker, 
while the latter covers the corresponding 88,000-volt breaker. 

While the advocates of the different types of breakers naturally 
favor their own design, and while either type of breaker can be 
arranged to work in with a scheme of enclosed or open wiring, 
the bottom-connected switch is essentially designed for in- 


1000 


| 
| 
27, 


4 
] 
à, | 
E > 
soo 
we < 


HAYES: HIGH-VOLTAGE SWIICHBOARDS 


I 


6 - | 


ЛДУ 
ў 
4 


ККА 


[June 26 


bv Gu 0036 
stances 


Digitized by Google 


Fic. 3—60,000-volt, top-connected breaker with boiler-iron tanks 


1907] HAYES: HIGH-VOLTAGE SWITCHBOARDS 1001 


stallation where the wiring, bus-bars, etc., are placed in masonry 
compartments, while the top-connected breaker is intended 
primarily for plants where the high-tension wiring is over- 
head and entirely open. 

The claim is made for each svstem that its type of breaker is 
less liable to get out of order than the other design. Both types 
are giving satisfaction under actual operating conditions, and 
the weak points of each breaker are being corrected as rapidlv 
as they are discovered. 

Where the control voltage is normal, the speed of operation is 
practically the same for the motor-operated and solenoid-oper- 
ated breakers. If the operating voltage is too low, however, 


Fic. 4—120,000-volt, top connected breaker with boiler-iron tanks 


the motor-operated breaker closes and opens somewhat: more 
quickly than the solenoid breaker, but with the motor-operated 
breaker some little time is required after the breaker closes until 
the motor has wound up the spring to trip the breaker out again. 
Both designs of breakers may be so counterbalanced that in 
case of ordinary trouble either type will tend to fall open rather 
than to fall closed. However, if the wooden operating-rods to 
which the moving contacts are attached should break, the 
bottom-connected breaker will tend to fall closed, while the top- 
connected breaker will tend to fall open. Although there 15 
little likelihood of breaking the wooden operating-rods of either 
type, such an accident is possible. Under this condition the 
top-connected breaker would have a decided advantage. 
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Where it is desired to have the breakers automatic, this is 
done by providing either a series trip-coil, ordinarily located 
in the tank underneath the oil. or a series transformer. In 
either case the operation of the series trip or the series transformer 


Fic 5—60,000-volt, top-connected breaker with sheet-metai tanks 


closes the direct-current trip-circuit, instead of operating directly 
on the mechanism of the switch or breaker. 

The advantage of the series trip-coil is largely on account of its 
being cheaper, while the advantage of the series transformer ar- 
rangement lies in the increased insulation obtained andinthefact 
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that series transformers may be needed in case it is desired to 
operate meters on the switchboard to indicate the current, 
output, etc., of the lines in which these high-tension breakers are 
connected. 

The two types of breakers previously described may be ar- 
ranged for operation either with series trip-coils or with series 
transformers. 

While the question of automatic or non-automatic breakers 
for generators, transformers, and line circuits is often a matter of 
opinion, the general practice seems to be as follows. Generator 
circuit-breakers are usually made non-automatic, although 
occasionally provided with reverse-current relays. The oil 
circuit-breakers on the low-tension side of the raising transformers 
are usually provided with overload relavs. The oil circuit- 
breakers on the high-tension side of the raising transformers 
are usually made non-automatic, although occasionally a 
differential relay is furnished which operates in case of a local 
short-circuit in the transformer to cut off both the high-tension 
and the low-tension breakers. 

The breakers for the outgoing transmission lines are ordinarily 
provided with overload relays. Relavs for the different breakers 
are made instantaneous, definite time relavs, or inverse time 
relays, depending on conditions. 

II-e. Disconnecting-suttches. The disconnecting-switches used 
on high-tension plants consist almost invanably of a plain 
knife-switch mounted on high-tension line insulators, this 
switch being operated by means of a pole with a hook in one end. 
In some plants an operating mechanism is installed for opening 
the three disconnecting-switches of a three-phase circuit at the 
same time. 

Where the disconnecting-switches are not readilv accessible 
from the operating floor, thev are sometimes provided with a 
projecting arm so that the station attendant may more readily 
open them by means of a direct vertical pull or push of his 
operating stick. In some cases where the disconnecting-switches 
are located in inaccessible positions, it has been proposed to open 
and close them by means of a solenoid or motor-driven mechan- 
ism. These high-tension disconnecting-switches have in most 
cases been mounted on porcelain insulators, but composition 
insulators have also been used for this purpose. 

The pins for these insulators are made of wood, metal, 
or composition, depending largely on the individual preference 
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of the designer. The relative advantages of the different kinds 
of insulators and pins is not a question which comes within the 
scope of this paper. 

II-j. Protective apparatus. In connection with lightning 
protection for high-tension plants, choke-coils, either of the 
open type or of the oil-immersed type, have been largely used. 
In this work the strain developed across adjacent turns in the 
choke-coils is so great when the coil performs the function 
normally expected of it that oil insulation is necessary to obtain 
the best results. 

II-g. Bus-bars and wiring. As mentioned in the earlier 
portion of this paper, the bottom-connected breakers are chiefly 
used with the enclosed svstem of wiring, and bus-bars and the 
top-connected breaker with the open svstem. There is a con- 
siderable difference in opinion between the advocates of the 
enclosed and open svstems regarding the relative advantages 
and disadvantages of the two arrangements. 

The enclosed svstem of bus-bars, wiring etc., for high-voltage 
plants is an extension of what is acknowledged to be the best 
standard practice for voltages up to 13,000, and 1s intended to 
provide additional safety for the station operator and additional 
security against a shut-down such as might be caused by some- 
thing getting across the bus-bars. 

П-л. Those who favor the open system base their arguments 
on the following grounds. First, the violence of an arc and the 
destructive effect of short-circuit depend on the amount of 
current available at the point of short-circuit, or, for the same 
amount of power, is inversely proportional to the voltage, so that 
while fireproof barriers and cellular construction are required 
on large capacity plants of comparatively low voltage, they are 
unnecessary for higher voltage plants of the same, or even larger 
capacity. 

Secondly, as the fireproof barriers offer a more or less perfect 
ground for high-voltage circuits, the striking distance from wire 
to ground has to be greatly reduced over what could be obtained 
with open wiring in the same space. The higher the voltage the 
more perfect the ground. 

Thirdly, the use of enclosed bus-bars and wiring ordinarily 
necessitates several floors or galleries and a more expensive 
building than is the case with the open wiring. 

Fourthly. it is more difficult to inspect and repair bus-bars, 
wiring, disconnecting-switches, lightning-arresters, etc., that are 
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boxed in masonry compartments апа only visible and accessible 
by the removal of doors than if everything is in plain sight. 
Incipient trouble will be noticed far sooner with open winng 
than with enclosed, and inspection will be more frequent and 
thorough if the station attendant in a few minutes' walk can see 
evervthing, than if he had to remove several hundred doors and 
visit two or three floors to examine the condition of the apparatus. 

Tvpical examples of the enclosed and open systems of wiring 
for 60,000-volt circuits are the transformer houses of the Electri- 
cal Development Companv at Niagara and Toronto, and of the 
Ontario Power Companv at Niagara Falls. 

One of the most striking differences in the two plants, due 
partlv to the use of bottom-connected breakers and enclosed 
bus-bars in one case. and the top-connected breakers and open 
bus-bars in the other, 1s in the location of the disconnecting- 
switches which isolate the oil-switches or circuit-breakers from 
the bus-bars. | 

In the former case thev are below the oil-switches and in- 
visible.from the switch-room without removing the doors of the 
switch-compartments and cannot readily be opened without 
going down stairs. The station attendant adjusting or cleaning 
a breaker 1s on a different floor from the disconnecting-switch, 
which, if closed through a misunderstanding of orders by a second 
attendant, will make the oil-switch terminals alive, with conse- 
quent grave danger to the cleaner. 

In the station of the Ontario Power Company the disconnecting 
switches are directly above the oil circuit-breaker, can be pulled 
by the attendant standing at the breaker, and cannot readily be 
closed without the knowledge and consent of the man working 
on the breaker. 

III-a. Present stations 60,000 volts. In order to give an 
idea of the relative space required for 60,000-volt and 100.- 
000-volt plants, the preliminary drawings prepared for two 
different stations of approximately the same capacity and same 
general arrangement are shown in Figs. 7, 8, 9, 10, 11, and 12. 

Figs. 7, 8, and 9 show the plan, elevation, and section of the 
transformer and switching house to be built on the side of a hill 
for a plant containing eight 7500-kw. 6600-volt generators, and 
twelve 5000-kw. 6600- to 60,000-volt step-up transformers, 
with four outgoing transmission lines. In this station the 
transformers are delta-connected on both the low-tension and 
high-tension sides and knife-tvpe disconnecting-switches have 
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been provided for cutting out any one transformer in anv bank. 
The high-tension connections are so made that each transformer 
bank feeds a short section of bus-bars. This short section of 
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main high-tension bus-bar, or through a different circuit-breaker 
to the outgoing transmission line. 
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III-b. Present stations 100,000 volts. Figs. 10 and 11 show 
respectively the plan and section of the transformer and switching 
house, also on the side of a hill, proposed for the control of ten 
5000-kw. 6600-volt three-phase generators, and twelve 4000-kw. 
6600- to 66,000-volt step-up transformers. This station will 
be first installed with the transformers connected in delta both 
on the low-tension and on the high-tension, and will later be 
changed over to star connections on the high-tension for operating 
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Fic. 9—Section of transformer and switching house, 60,000-volt plant 


at 100,000 volts. All the bus-bars, wiring, etc., have been 
spaced suitably, and all breakers, switches, etc., supplied for 
this higher voltage. 

While operating at 66,000 volts, disconnecting-switches will 
be used both on the low-tension and on the high-tension side of 
the step-up transformers for cutting any one transformer out of 
the bank. 

The main connections of this plant will be similar to those of 
the plant previously described; namely, each bank of trans- 
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formers feeds a short section of transformer bus-bar, which 
transformer bus-bar can be connected through a breaker either 
to the main station bus-bar or through another breaker to the 
high-tension outgoing feeder. 


The low-tension connections are arranged on a straight 
double-throw system, as indicated бу the miniature bus-bar on 
the control'desk shown in Fig. 12, and it may be noted that the 
entire equipment of this station will not be installed at first. 


Fic. 11—Section of transformer and switching house, 100,000-volt plant 
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IV-a. Future stations; indoor. As тау be noted from Figs. 
6 to 11 the amount of space necessary for the circuit-breakers, 
switches, bus-bars etc., for a high-voltage transmission plant is 
comparatively great and it requires a large building to contain 
them. | 
IV-b. Future stations; outdoor. It is quite possible that in 
the not far-distant future where the climate 1s not too severe, 
high-tension transformer houses with their breakers, bus- 
bars. etc., will no longer be used; the transformers, oil circuit- 
breakers, disconnecting-switches, bus-bars, wiring, and  con- 
nections will probablv be in the open air. 

The oil-immersed water-cooled transformers and the electri- 
callv-operated oil-switches are well designed to stand out-of- 
door conditions. Disconnecting-switches have often been used 
in high-tension transmission lines mounted on the poles, and 
the use of electrolvtic lightning-arresters with the choke-coils 
combined in the transformer cases will readilv permit of this out- 
of-door operation. 

The top-connected circuit-breakers and the open arrangement 
of bus-bars and wiring are particularlv suited for an out-of-door 
transforming station, andit may not be long before such a station 
is designed and installed. 
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In accordance with the provisions of the Constitution, we present the 
following report of the more important features of history of the Library 
of the Institute for the year ending April 30, 1907; the present condition 
of the several funds from which the support of the Library is directly 
derived; its present status as one of the associated libraries іп the new . 
Engineering Societies Building; and plans for the future. 


RECENT SLOW GROWTH. 


During the past four years the overshadowing activity in securing by 
subscription the fund to purchase the land for the new building, and 
the labor attending its construction and equipment have naturally and 
properly occupied the minds and time of the active members of the 
Institute to an extent which has prevented such rapid progress of the 
Library as was recorded in the report of May 1, 1903. 

It should, however, be noted that even under these unusual circum- 
Stances and amid these extraordinary calls upon the interest and resources’ 
of the members and friends of the Institute, the Library has in the past 
four years increased in number of volumes (not including duplicates) 
from 7727 to 10577, a gain of 2850 volumes; and in valuation of volumes 
from $16211.10 to $21726.47, a gain of $5515.37. This increase of over 
35 per cent. in number of volumes is gratifying as indicating what may 
hereafter be accomplished now that the Library has a permanent fire- 
proof home, offers greatly increased conveniences, and is in other wavs 
richly deserving of the cordial support of a rapidly growing number of 
members and friends of the Institute. 


GIFTS OF Books. 


During the past year Mr. Edward D. Adams has once more illustrated 
the practical value of his support of the Institute Library by contrib- 
uting a collection of about 200 scientific books, a list of which appeared 
in the October issue of the PROCEEDINGS. 

Similarly, the McGraw Publishing Company has donated about 25 
of its recent publications, which supply in part the serious need of the 
latest editions of electrical text-books, and new publications of the 
same character. The same Company has also turned over to the In- 
stitute a large collection of unbound electrical patents issued in this 
country during the past 15 or 20 vears. 

Another and very complete collection of United States electrical 
patents issued from the early years down to about 1904 has just been 
donated by Messrs. Dyer and Dyer. This will prove specially important 
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in the equipment of the headquarters of some progressive Institute 
Branch. 
The complete list of donors for the year is as follows: 


ADAMS, E. D. MCGRAW PUBLISHING CO. 
ALLEGEMEINE ELEKTRICITATS GESELL- MARTIN, T. C. 

SCHAFT MASS. BOARD OF GAS AND ELECTRIC 
ALLEN, W. F. LIGHT COMMISSIONERS. 
AMERICAN RAILWAY ASSOCIATION MULOCK, SIR WM. 

CANFIELD, DR. JAMES W. NEW YORK CITY COMMISSION ON 
CARROLL, WM. ELECTRIC LIGHT 

CARTY, J. J. PEDERSON, F. M. 

M. LE DIRECTEUR CONSERVATEUR NAT- PLASS, J. 

UREL DES ARTS AND METIERS RIES, E. E. 
CROCKER, F. B. ROBERTSON, LESLIE S. 
DUNBAR, JAMES W. ROSENTHAL, S. W. 
DYER AND DYER SHELDON, DR. SAMUEL 
L'ECLAIRAGE ELECTRIQUE SHEPARDSON, PROF. GEO. D. 
GERARD, LEON SOCIETY OF ARTS 
GAUTHIER, VILARS SWENSON, BERNARD V. 
HAMACEK, ADOLPH P. TALBOTT, FRANK 
HAMMOND, ROBERT TALTAVALL, T. R. 
INSTITUTION OF ELECTRICAL ENGI- VAIL, J. H. 

NEERS WARD, GEO. G. 
JENKS, W. J. WEAVER, WM. D. 
LIBRARY OF CONGRESS WHEELER, SCHUYLER S 


STATISTICS OF LIBRARY, MAY 1. 1907. 


Vol- | Pam- 
Source Titles. | umes |phlets | Valuation 


—M | —————— | —___————— 


Report of May 1, 1906..............................| 7400 110717 515 |[$22.069.31 
PURCHASES: 
Carnegie Fund....... 


Donation ЕО мужик ижек» А d gU 7 18 22 45 
Mailloux Епп4................................ 4 6 23.20 
Institute Appropriation... 3 6 26.00 
Penodicals жеч ык Seen Coat dp Se ae a SOS 25 58 116.00 
GIFTS" 
Edward D; Аапта.............................[ 162 300 168.00 
McGraw Publishing Со......................... 23 23 41.25 
Miscellaneous........... 25 58 50 85.00 
Gross Totals, May 1, 1907..........................[ 7649 |11186 565 {$22,551.21 
Гр Са Тее io waa г GOs be ain Be Ge a ee eee | ЗОВ 609 824.74 
Net Totals, Мау 1, 1907............................[ 7341 |10577 565 |$21,726.47 


In the following table of total valuation of the Library, May 1, 1907, 
the furniture and cases are those brought from the old offices at 95 Lib- 
erty street, no account being included of the new furniture, stacks, etc., 
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provided as a part of the initial equipment of the Engineering Societies 
Building: 


Total. VAI UATION. 


BOOKS ———— Жул ЛКЫ ОЕ ОИЕ. фОО Ole! 
Баск CPI кже Алаш» тале Rae? аА о ион нат але aut, АЛО 2Ә 
Furniture, Catalogues, Cases, еїс................................. 208.28 

$24.229.74 


The following tabulations give the state of the four funds from which 
the Library Committee is entitled to draw: 


DONATIONS (GENERAL LIBRARY FUND). 


Dr. Cr. 
Balance May 1, 1906............ .$232.56 Purchase of books...............$ 2.64 
Interest May 1, 1907............. 7.08 Unexpended.................... 237.00 
$239.64 $239.64 


CARNEGIE FUND. 


Dr. Cr. 
Balance May 1. 1906............$3952.37 Wheeler Bibliography........... $ 541.85 
Interest May 1, 1907............ 119.08 Unexpended................... 3529.60 
$4071.45 $4071.45 


MaiLLOUx ENDOWMENT Еохо. (81.000). 
(Proceeds for the maintenance of certain sets of periodical publications.) 


Dr. Cr. 
Balance Мау 1, 1906..............% . 75 5пЬ5стїрїпоп.....................$23.20 
Interest May 1. 1907.............. 30.00 Ппехрепае4а..................... 7.55 
$30.75 $30.75 


INTERNATIONA! ELEC. Congress OF ST. Lovis, 1904. FvNpD. ($2,140.10.) 
(Proceeds for the purchase of international electrical literature.) 


Dr. Cr. 
May ^L 1907... ERRARE Unexpended................... 


In conformity with Section 33 of the By-laws, this Committee sub- 
mitted to the Board of Directors at its meeting of October last an esti- 
mate of requirements for the vear commencing Nov. 1, 1906. The 
appropriation which resulted is stated below. Pursuant to Section 37, 
the expenses for the vear commencing Mav, 1 1906 are stated on the 
other side of the account. This 1s in accordance with the method pur- 
sued in prior reports of this Committee although the actual unexpended 
balance of the present appropriation vear, remaining after six months 
of operation to the credit of this Committee, with. which to meet bills 
not yet received and the expenses of the coming six months beginning 
May 1, 1907, is $1582.14 instead of the amount represented by the ap- 
parently unexpended balance for the year ending April 30, found in 
the appended statement. 

The charge for rent 1s calculated for the past year at the rate paid by 
the Library at the former quarters, from which removal took place 
about Feb. 1, 1907. 
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INSTITUTE APPROPRIATION ACCOUNT. 


Dr. Cr. 
Appropriation for Maintenance for Кеп&..........................$1475.04 
year ending October 31, 1907. . $3363.00 Insurance. ................. es. 106.35 
Salary, Librarian............... 713.20 
u  Assistant............... 174.00 
Building. ..................... 135.05 
$ирр!е....................... 7.95 
Subscriptions... ............... 26.00 
Express and Postage........... 8.80 
FiXtUrTeS. ото амаа 73.08 
Miscellaneous.................. 117.05 
Unexpended................... 498.75 


THE Most UncENT NEED 


is that of modern text-books to meet the everyday necessities of the 
patrons of the Library. Only a moderate percentage of the standard 
works of the past twentv-five years are now on our shelves. A notable 
opportunity is now presented to some member or friend of the Institute, 
or several acting together, to contribute a relatively moderate amount 
for this special object, which has never before assumed anything like 
its present importance; particularly in view of the fact that the use of 
this Library is now offered to the public and to, nearly 10,000 members 
of the two founder societies, which have now become associates of the 
Institute in the new headquarters, as will be explained more in detail 
at the end of this report. 


BIBLIOGRAPHY OF THE WHEELER GIFT 


The work of digesting the entire Wheeler Gift and preparing the 
Bibliography for the printer, which has for five vears been progressing 
in the hands of Brother Potamian, is still going forward under the man- 
agement of W. D. Weaver, who was appointed this year a special com- 
mittee to complete the task to which he has given so much time and 
thought since Past-president Wheeler presented the collection to the In- 
stitute. Thus the loss which was felt in Mr. Weaver’s resignation of 
leadership in Library affairs, after so many years of most painstaking 
labor, often at great personal inconvenience and always marked with 
characteristic grasp of detail and assumption of the entire load of com- 
mittee responsibility, has been mitigated by his willingness to retain 
the direction of this important publication, for which funds were pro- 
vided by Mr. Carnegie. Instead of being restricted to the 1400 mem- 
bers who formed the Institute in 1901, this octavo volume of probably 
500 pages, affording annotations to all of the more important books 
and pamphlets in the collection, will be offered, during the coming fiscal 
year, to about 4500 members who make up the Institute of to-day; 
while many Libraries, scientists and engineers outside the Institute 
will doubtless secure copies at some reasonable price. 


HISTORICAL MUSEUM 
This is a new development naturally closely affiliated with the Library 
and merging into it bv insensible degrees. 
The first effective effort in this direction was made by Past-president 
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Wheeler shortly before his retirement from office last year, by enlisting 
the sympathetic coóperation of Mr. Edward D. Adams and then securing 
the adoption by the Board of Directors, of a general resolution, followed 
in January by a more specific authorization, best expressed in the lan- 
gaage of the resolutions then adopted: 

** RESOLVED, That the Library Committee is hereby authorized to accept on behalf 
of the Institute, donations of original apparatus, models, photographs, manuscripts 
printed documents and similar exhibits, suitable for a museum of historical electrical 
material; also to accept the loan of material of the same general character which cannot 
be secured by gift. 

" RESOLVED, That each donation or loan accepted under the foregoing resolution shall 
be acknowledged by the Chairman of the Library Committee, specifying the articles re- 
ceived in sufficient detail to ensure subsequent identification, and reciting the conditions 
of gift or loan and acceptance.”’ 


The Board also appropriated $200 for the purchase of such cases, 
frames, etc., as might be desirable for making a start in this direction. 
The first donation, by Mr. Adams, was an elaborate and costly model, 
some four feet in length, of the high-speed, three-phase electric railway 
motor car which was operated on the Berlin-Zossen Railway, in 1903, 
at a speed of more than 150 kilometres per hour. Offers of early lamps, 
dvnamos, regulators, etc., have been made by Messrs. James J. Wood 
of Fort Wayne, W. S. Andrews of Schenectady, A. J. Wurts of Pittsburg, 
Rudolph M. Hunter of Philadelphia, and a few others. 

The Committee now invites correspondence regarding original relics, 
of the general character specified by the resolutions, which can be iden- 
tified as genuine, and having a well-authenticated history; in other 
words, “ first things "іп electrical apparatus, pictures and manuscripts. 
It is not desired to secure models or papers simply because they are 
old. To adopt such a course would evidently result principally in es- 
tablishing an electrical junk-shop. The purpose is to place the Museum 
at the outset on a high plane of excellence, by judicious selection of 
available material even though the collection grow slowly; by the ex- 
ercise of special diligence in gathering and displaying information as to 
the detail of history which each exhibit represents; and by the pro- 
vision of adequate protection during many years to come for each ac- 
cepted article. Thus the conditions of security, permanency, and ac- 
cessibility which invite contributions to the Library will equally encourage 
similar donations to the Museum. 

Each article or group accepted will bear the name of the donor, and a 
careful registry will be kept of the conditions, if any, under which it has 
been contributed; to the end that the wishes of the donor regarding it 
may be kept in mind and respected by the Institute, in general accord- 
ance with the methods pursued in the case of articles donated to other 
corporate bodies, such as the Metropolitan Museum of Art. 


SUB-COMMITTEES 


The unusual number and importance of the tasks devolving upon this 
Committee this past year has been lightened by a division of labor indi- 
cated by the duties of four sub-committees, as follows: 

(1) Purchase of furniture and floor covering for Institute offices; 
Edward Caldwell, Frank N. Waterman. 
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(2) Library subscriptions, purchases and donations: Edward Caldwell, 
C. A. Terry. 

(3) Increased Library utility: Professor Charles F. Chandler, C. A. 
Terry. 

(4) Historical Museum: F. N. Waterman, W. J. Jenks. 

Much consideration has been and will be given to devising and putting 
into practice plans for enabling members at a distance who cannot 
consult this Library in person, to secure many benefits from a liberal 
equipment and maintenance. It is proposed to offer facilities for get- 
ting certified excerpts from rare volumes, photographs of pages and 
diagrams, or translations from several foreign languages, all at a mod- 
erate charge; also to loan duplicate volumes under suitable restrictions. 
Correspondence is especially invited on this question of ''increased 
Library utility.” 

REMOVAL TO PERMANENT QUARTERS 


The completion and opening about January 1 of the new Engineering 
Societies Building, with its two spacious and convenient flocrs devoted 
respectively to reading room and stack room accommodations for the 
assembled libraries of the three founder societies, invited speedy re- 
moval from the extremely contracted and inadequate quarters at 95 
Liberty street. This was accomplished in February without the loss 
or injury of a single volume belonging to the Institute Library. The 
transfer of the stacks to their permanent location necessitated entire 
rearrangement and a different system of mechanical support. Thus 
this transfer required much more time than the mere moving of the books, 
but everything was completed and the books carefully arranged early in 
April, and our section of the comfortable and well-lighted stack-room 
has been made fully available. 


THE ASSOCIATED LIBRARIES 


Thus far this report has dealt with the Electrical Engineers’ Library as 
an institution by itself. There remain to be considered its relations to 
its newly associated libraries, and changes in administration which are 
required in consequence. 

The formal dedication of the building, April 16 and 17, found the three 
libraries of the founder societies occupying their permanent home in 
cooperative arrangement, offering to the student an aggregate of about 
35,000 volumes at the outset, each section in charge of its own librarian, 
but open primarily to any one of the 15.000 members of all the separate 
Societies, and incidentally to engineering readers generally, outside the 
fraternity. 

The books of the Institute now occupy exclusively two sections or 
alcoves of the reading room, and also, jointly with the other societies, 
two other alcoves; thus displaying on the thirteenth floor about one-third 
of its volumes. The main body of the ancient treasures of the Wheeler 
Gift, Latimer-Clark Collection, 1s suitably and securely housed in glass- 
front wire-protected cases in the stack-room, a few of the most precious 
books being displayed to the visitor in locked show-cases, with explanatory 
cards across the open pages. It is the purpose of the Committee to in- 
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crease the number of these valuable volumes thus shown, as soon as 
permanent show-cases can be made. 

By authorization of the Board of Directors of each of the three founder 
societies, the chairmen of their respective Library Committees are 
empowered to meet in conference and jointly direct the mutual relations 
which now exist. Messrs. Raymond of the Mining Engineers, Suplee of 
the Mechanical Engineers and the Chairman of this Committee have thus: 
conferred and agreed upon several tentative conditions of coóperative 
action and rules of administration. Of these the following are of general 
interest : 


** That no questions shall be decided by majority votes of the three representatives of 
the three societies, but that all decisions must be unanimous in order to become effective; 
dissent on the part of any one representative being sufficient to require a reference to the 
respective library committees, and ultimately, if necessary, to the governing bodies of 
the respective societies, excepting as to matters regarding which the regular single repre- 
sentative is clothed with full powers. 

" That for the present. all consideration of the question of а new organization for the 
administration of the three libraries, or of the appointment of any additional or general 
librarian, shall be postponed. 

"'That the present arrangement, under which the three present society librarians 
administer the three libraries, each under the supervision of her authorized society rep- 
resentative, and in mutual cooperation as to matters of common interest or necessity, 
be continued. 

" That the Reading Room be open on all week-days, from 9 a.m. to 5 pom. Only mem- 
bers of the three founder societies. and others duly introduced by the Secretary or other 
authorized оћсег of one of the societies, will be permitted access to the alcoves or other 
spaces inside the rail. 

" That for the protection and convenience of members. the Secretary of each society, 
will, upon application, issue to any member of his society in good standing a personal, 
non-transferable card, entitling him to the use of the libraries in the alcoves of the Reading 
Room. This card must be signed by the person receiving it, and surrendered at the desk 
at the time of its presentation. At every visit he must identify himself by signing his 
name in the registry. 

" That non-members may, in the two outer alcoves, receive and consult books for which 
they call at the desk: or they may, on similar application to one of the secretaries, secure 
special cards admitting them to the inner alcoves under similar restrictions. 

"The librarians shall have no discretion in the matter of allowing any catalogued 
pamphlet or volume to be taken from either of the libraries for any purpose, but shall 
decline to permit any such loan unless authorized in writing so to do by the Chairman 
of the Committee or the Secretary of the society to which the pamphlet or volume be- 
longs. But a duplicate may be thus loaned at the discretion of the Librarian directly 
responsible," 


LIBRARIANS AND SPECIAL SERVICES 


The resignation of Miss Josephine T. Bragg after several years of ser- 
vice as Librarian, resulted in the engagement of Miss Jessie R. Hammett 
of Brooklyn, who began her work about the first of January and has 
made many friends by her diligence in personal effort to bring about the 
transfer of the Library with the least possible interruption of its avail- 
ability, her enthusiasm in formulating new methods to adapt it to its 
new surroundings and increase its usefulness, and the readiness with 
which she has become acquainted with its frequenters and their necessi- 
ties. * Thus far an assistant, Miss Gladys Byrd, has been employed to 
expedite the completion of new arrangements. 

The thanks of the Committee are due to Charles L. Clarke, one of our 
members, who has made valuable contributions to the plans for enlarge- 
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ment, radical rearrangement and protection of the books during the 
transition period, and has served as secretary of the Committee and 
otherwise frequently assisted the members of the Committee, particu- 
larly in the work of furnishing the business offices of the Institute on 
the tenth floor, with which special duty the Committee was entrusted 
by the Board of Directors early in the present Institute year, in prepara- 
tion for the occupancy which was fully accomplished shortly before the 
formal dedication. 

Of the $4000 appropnated for this purpose, the Committee expended 
$1195.81 for carpets, linoleum and other floor coverings, and $2614.41 
for furniture of the office, reception, editorial, stenographers' and Board 
rooms; thus leaving a balance now standing unexpended of $189.78. 

Respectfully submitted. 


The Library Committee, 
CHAS. F. CHANDLER 
CHAS. A. TERRY 
EDWARD CALDWELL 
FRANK N. WATERMAN 
W. J. Jenks, Chairman. 


CONSTITUTION 


OF THE 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
[Incorporated March 16, 1896.] 


(Adopted May 13, 1884. Amended December 8, 
1885, September 27, 1892, May 15, 1894, 
March 16, 1896, May 21, 1901, and May 21, 1907 .] 


ARTICLE I. 


1. The name of this association is the AMERICAN INSTITUTE 
OF ELECTRICAL ENGINEERS. 

2. Its objects shall be the advancement of the theory and 
practice of Electrical Engineering and of the allied Arts and 
Sciences and the maintenance of a high professional standing 
among its members. Among the means to this end shall be 
the holding of meetings for the reading and discussion of 
professional papers and the publication of such papers, discus- 
sions and communications as may seem expedient. 


ARTICLE II. 
MEMBERSHIP. 


3. The membership of the INsTiTUTE shall consist of Honorary 
Members, Members and Associates. Members and Associates 
shall be equally entitled to all of the rights and privileges of 
the INsTITUTE, excepting that Members only shall be eligible 
to the offices of President and Vice-President, and shall be 
entitled to a diploma. Honorary Members shall be entitled 
to all the rights and privileges of the INSTITUTE, except the 
right to vote for officers and to hold office. 

4. A Member shall be not less than twenty-seven years of 
age and shall be: 

a. A Professional Electrical Engineer; or 

b. A Professor of Electrical Engineering; or 
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c. À person who has done important original work of recog- 
nized value to electrical science; or 

d. A person duly qualified as an engineer in an allied branch 
of engineering, and who, for a period of two years, has had 
responsible charge of electrical engineering work and whose 
professional record indicates that he is competent to design, as 
well as direct, electrical engineering works. 

5. To be eligible to the grade of Member as a professional Elec- 
trical Engineer, the applicant shall have been in the active practice 
of his profession for at least five years; he shall have had re- 
sponsible charge of work for at least two years, and shall be 
qualified to design as well as direct electrical engineering works. 
Graduation from a School of Engineering of recognized standing 
shall be considered the equivalent of one year's active practice. 

6. To be eligible to the grade of Member as Professor of Elec- 
trical Engineering, the applicant shall have been in responsible 
charge of a course of Electrical Engineering at a college or 
technical school of recognized standing, for a period of at least 
two vears. 

7. An Associate shall be a person not less than twenty-one 
years of age who is interested in, or connected with, the study 
or application of electricity. | 

8. Honorary Members may be chosen from among those who 
have rendered acknowledged eminent service to electrical en- 
gineering or its allied sciences. 


ARTICLE III. 
ADMISSION, TRANSFER AND EXPULSION OF MEMBERS. 


9. Honorary Members shall be proposed in writing by at least 
ten Members, and may be elected only by the unanimous vote 
of the Board of Directors, a ballot in writing to be forwarded 
by members absent from the Directors’ meeting. The election 
of an Honorary Member shall be deemed invalid if an accept- 
ance is not received within six months after the date of his 
election. | | 

10. All applications for admission to the INsTITUTE shall 
be made for the grade of Associate, in a form prescribed by 
the Board of Directors, and shall refer to at least three (3) 
Members or Associates. In applying for admission to the 
INsTITUTE as Associate, any person may also apply at the same 
time for 1mmediate transfer to the grade of Member. Such 
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application for transfer mav also be made at any time subse- 
quent to election as Associate. 

11. Àn application for transfer from the grade of Associate 
to that of Member shall be made in a form prescribed by the 
Board of Directors, and shall embody a full record of the general 
technical education of the candidate and of his professional 
career. It shall be signed bv the applicant and shall refer to at 
least five Members who know him personally and are familiar with 
his work. Each of these references shall be requested by the 
Secretary to fill out a prescribed confidential form, to be addressed 
to the Board of Directors. No such applications for transfer 
shall be considered until at least five favorable replies have 
been received. The Board of Directors, or the Board of Ex- 
aminers, in the event of failure of replies or receipt of un- 
favorable replies, mav call upon the applicant to furnish addi- 
tional names. Should an applicant for transfer certify that he 
is not personally known bv five Members, the Board of Ex- 
aminers may accept, for the deficiency, references to professional 
engineers of standing. 

12. The reference to Members to whom an applicant 1s person- 
ally known may be waived in case of foreign applications; but 
the applicant shall in that case refer to at least two prce- 
fessional engineers of recognized standing. 

13. The Secretarv shall issue at stated intervals to each 
Member and Associate whose address 1s known, a list of new 
applications for admission to the INsTITUTE, with the request 
that the Members and Associates make written communication 
to the Board of Directors, in case of objection to any of the 
candidates named. The Board of Directors shall not act upon 
any name until at least twentv davs after the date of issue of 
said list. 

14. All elections as Associates, and transfers to the grade of 
Membership, shall be by vote of the Board of Directors; two 
negative votes shall exclude a candidate. 

15. The Board of Directors may refuse to elect or transfer 
any applicant whose character, reputation or professional con- 
duct would make him, іп the opinion of the Board of Directors, 
an undesirable member. 

16. A member of any grade in the INsTITUTE may resign his 
membership by a written communication to the Secretary, 
who shall present the same to the Board of Directors; where- 
upon, if all his dues and other indebtedness have been paid, as 
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provided in the Constitution and By-Laws, his resignation shall 
be accepted. 

17. Upon the written request of ten or more Members or 
Associates that, for cause stated therein, a Member or Asso- 
ciate of the INsTITUTE be expelled, the Board of Directors 
shall consider the matter, and if there appears to be sufficient 
reason, shall advise the accused of the charges against him. 
He shall then have the right to present a written defence, and 
to appear in person or by duly authorized representative before 
a meeting of the Board of Directors, of which meeting he shall 
receive notice at least twenty days in advance. Not less than 
two months after such meeting, the Board of Directors shall 
finally consider the case, and if in the opinion of the Board of 
Directors a satisfacto&Ty defence has not been made, and the 
accused member has not in the meantime tendered his resigna - 
tion, he shall be expelled. 


ARTICLE IV. 
DUES. 


18. The entrance fee, payable on admission to the INsTITUTE 
shall be five (5) dollars. A fee of ten (1(!) dollars shall 
be paid on transfer to the grade of Member, which shall in- 
clude the fee for a diploma. 

19. The annual dues shall be fifteen (15) dollars for Members 
and ten (10) dollars for Associates. 

20. Honorary Members shall be exempt from all payments. 

21. Persons elected after any portion of the fiscal year shall 
have expired, shall pay dues pro rata for the unexpired quar- 
ters of that fiscal vear. 

22. A Member or Associate in good standing, by the single 
payment of two hundred (200) dollars, in addition to his en- 
trance fee, shall become exempt from all future payments 
for dues er transfer fee. The money thus paid shall be invested 
as a special fund, to be known as the '' Life Membership Fund," 
from which there shall be taken out and appropriated for the 
general expenses of the INsTITUTE each year until the death 
or resignation of said Member or Associate, the sum of ten (10) 
dollars. Upon the death or resignation of any such Member or 
Associate, the residue from said payment, including the interest 
thereon, remaining in the said fund, shall be transferred to the 
general fund of the INsTITUTE. 
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23. A Member or Associate who has been dropped as delin- 
quent may be reinstated by the Board of Directors upon pay- 
ment of all back dues, retaining his original date of election, 
and shall be entitled to a complete file of the published TRANs- 
ACTIONS corresponding with said payment, provided the same 
are available. 


ARTICLE V. 


OFFICERS. 


24. The officers of the INsTITUTE shall be a President, six 
Vice-Presidents, twelve Managers, a Secretary, and a Treasurer, 
who shall hold office as follows: 

25. The President, the Secretary, the Treasurer, for one 
year, the Vice-Presidents for two years, and the Managers for 
three years. Тһе President, Vice-Presidents and Managers, shall 
not be eligible for immediate re-election to the same office. A 
Vice-President shall not be eligible for immediate election to 
the office of Manager. At each Annual Meeting, the President, 
three Vice-Presidents, four Managers, the Secretary and the Treas- 
urer shall be elected in the manner prescribed below, and their 
terms of office shall commence on the first of August next suc- 
ceeding their election. 

26. The terms of the Officers elected at the Annual Meeting 
at which this constitution 1s adopted, shall begin on the fourth 
Friday in September following, instead of on the first of August, 
as provided in Section 25. 

27. A vacancy in the office of President shall be filled by 
the senior Vice-President; a vacancy in the office of Vice-Presi- 
dent shall be filled by the senior Manager. Seniority between 
officers of same rank and date of election shall be determined 
by the date of their election as Associates. All other vacancies 
shall be filled bv the Board of Directors for the unexpired term. 
ouch succession to office or appointment by the Board of Di- 
rectors shall not render an officer ineligible for immediate elec- 
tion to the same office. 

28. No officer shall receive, directly or indirectly, any salary 
compensation or emolument from the INsTITUTE, either as such 
officer or in any other capacity, unless authorized by a vote 
of a majority of the entire Board of Directors. 

20. No officer shall be interested, directly or indirectly, in 
any contract relating to the operations conducted by the 
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INSTITUTE, nor in any contract for furnishing supplies thereto, 
unless expressly authorized by the By-laws or by the unani- 
mous vote of the members of the Board of Directors present 
at any meeting 


ARTICLE VI. 


ELECTION OF OFFICERS. 


30. During the first week in February of each year, the Secre- 
tary shall mail or deliver to each Member and Associate of the 
INSTITUTE, a list of all Members and Associates, together with 
a form showing the offices to be filled at the ensuing annual 
election in May, and containing the names of the incum- 
bents and a copy of sections 30 and 31 of this Article, with 
the request that nominations be made for the various offices to be 
filled. These nominations shall not be signed, and shall be 
enclosed in an envelope, identified on the face by the name of 
the sender and mailed to the Secretarv. To be considered, 
nominations must reach the Secretary prior to March first. 
The nomination ballots shall be counted and canvassed by the 
Committee of Tellers appointed as provided in Sections 34 and 35. 

31. The Committee of Tellers shall submit to each member of 
the Board of Directors prior to the March meeting, a classi- 
fied list of all nominations received, from which the Board of 
Directors shall prepare, during the month of March, a com- 
plete ticket, to be headed: ' Directors’ Nominees," containing 
the names of those whom the Board of Directors deem best 
suited for the offices falling vacant; provided that upon the re- 
quest of two Directors at the meeting at which the “ Directors’ 
Nominees " ticket is prepared, the name of a second nominee 
for President shall be placed on the ticket, selected from the four 
names recelving the highest number of nomination votes for Presi- 
dent,and provided further, that upon therequest of two Directors 
at the same meeting, the names of one or more additional 
nominees for Vice-President, and upon like request, the names 
of one or more additional nominees for Manager shall be placed 
upon the ticket. The names on the Directors Nominees 
ticket shall be listed in the order of the number of nomination 
votes received, beginning with the highest number. This ticket 
shall be printed on the same sheet with a second list, headed 
'" General Proposal List," containing all the eligible names pro- 
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posed, and the number of votes cast for each; provided that 
no name shall appear which shall not have received at least 
three per cent. of the entire number of votes cast. 

32. The voting for officers shall be restricted to the names of 
the “ Directors’ Nominees ” and the names on the General 
Proposal List provided for in section 31 of this Article. This 
List, together with an envelope on which shall be printed 
the title of the INSTITUTE, the name and address of the Secre- 
tary and the words “Official Voting Envelope—Enclosing a 
Ballot Only," shall be mailed by the Secretary not later than 
the first day of Apri, to every Member and Associate, 
together with a copy of sections 32 and 33 of this Article; pro- 
vided that any qualified Member or Associate not having a 
ballot and envelopes shall be entitled to obtain them from the 
Secretary at any time before the first day of May. 

33. All names voted for shall be written, printed or other- 
wise marked on a single ticket or ballot, which shall be enclosed 
in a sealed, unmarked and unidentified inner envelope of any 
suitable character, which shall in turn be enclosed either in 
the ‘‘ Official Voting Envelope " (received from the Secretary), 
or any other envelope, marked on its face, '" Non-Official Voting 
Envelope—Enclosing a Ballot Only." The outer envelope of 
either class shall be identified by the name of the sender on its 
face, shall be sealed, and in order to be counted, shall reach the 
Secretary not later than the first day of May. The Secretary 
shall preserve, unopened, for ninety days, all ballots received 
after the first day of May. 

34. The President,at the Directors’ meeting to be held in | 
February, shall appoint, subject to the approval of the Board 
of Directors, five Members or Associates, not members of the 
Board of Directors, to constitute the Committce of Tellers; 
should this Directors’ meeting not be held, the President, pre- 
vious to the twenty-first of February, shall appoint this Com- 
mittee by letter to the Secretary, who shai] notify the members 
thereof. 

35. Any Member or Associate who shall deliver to the Secretary 
on or before the first day of March, a written petition signed 
by at least twenty Members or Associates, stating their desire 
that he be a member of the Committee of Tellers, shall also 
be a member of that Committee; provided that the afore- 
said signatures shall not have appeared on another similar 
petition. 
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36. The Committee of Tellers shall meet at the office of the 
INSTITUTE as soon after the first day of May as possible, 
and shall receive, unopened, all ballots from the Secretary, 
who shall also make to it a written report of the number of 
ballots received on and before, and after, the first day of May. 
It shall forthwith proceed, in secret, to count the vote, 
and shall prepare and sign in duplicate a report of the results 
of the vote, which shall be sealed, and of which one copy shall 
forthwith be filed with the Secretary, and of which the other 
copy shall remain in possession of the Chairman of the Committee 
who shall hand this report to the presiding officer at the ensuing 
Annual Meeting. In the absence of this report by the Chairman 
of the Committee, the Secretary shall produce the duplicate 
copy, and hand the same to the presiding officer of the meet- 
ing. The presiding officer shall cause the report to be read, 
at the first session of the Annual Meeting and shall declare 
duly elected the eligible persons receiving the greatest number 
of votes for the respective offices. 


ARTICLE VII. 


MANAGEMENT. DUTIES OF OFFICERS AND COMMITTEES. 


37. The affairs of the INstiTuTE shall be managed by a Board 
of Directors under this Constitution and the general provisions 
of the laws under which it is incorporated. The Board of 
Directors shall consist of the President, two Junior Past-Presi- 
dents, the Vice-Presidents, the Managers, the Secretary and the 
Treasurer. 

38. The Board of Directors shall have such powers and duties 
as are prescribed by statute for a Board of Directors. 

39. The Board of Directors shall direct the investment and 
саге of the funds of the InstiTuTE, shall make appropriations 
for specific purposes, shall pass upon all applications for ad- 
mission or for transfer, shall act upon all questions of expulsion 
of members, shall appoint all employees and fix their salaries, 
and in general shall direct the business of the INsTITUTE, either 
itself or through its officers and committees. 

40. The Board of Directors shall prepare and adopt a series 
of By-laws which shall govern its procedure and that of the 
Committees, under this Constitution. Such By-laws shall be 
adopted or may be amended by a concurring vote of not less 
than twelve (12) members of the Board of Directors; provided, 
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that the text of a proposed By-law or amendment shall be fur- 
nished to each member of the Board of Directors at least ten 
davs before the meeting at which a vote on the same will be 
taken. : 

41. The President shall have general supervision of the affairs 
of the IusTITUTE, under the direction of the Board of Directors. 
He shall preside at the meetings of the INsTITUTE, and of the 
Board of Directors at which he may be present, and shall be 
ex-officio member of all committees. He shall deliver an 
address at the Annual Convention. The Vice-Presidents, or in 
their absence, the Managers, in order of seniority, shall preside 
at meetings of the INstiruTE and the Board of Directors in 
the absence of the President, and shall discharge his duties 
in case of a vacancy in the office. The President shall appoint 
the standing committees of the INsriTUTE. Не тау also ap- 
point special committees from time to time. 

42. The Secretary shall be the executive officer of the 
INsTITUTE under the direction of the President and the 
Board of Directors, He shall attend all meetings of the 
INSTITUTE and of the Board of Directors, and record the 
proceedings thereof. He shall collect and deposit, subject to 
the order of the Treasurer, all moneys due the INSTITUTE, re- 
porting such deposit to the Treasurer, who shall receipt for 
the same. He shall personally certify the accuracy of bills or 
vouchers on which money is to be paid, and shall draw and 
countersign all checks, and these shall besigned by the Treasurer 
when such drafts are known to him to be proper, and duly 
authonzed by the Finance Committee and in accordance with 
warrants executed by the Secretary. He shall have charge of the 
books and accounts of the INsrTiTUTE. He shall present annually 
to the Board of Directors a balance sheet, and from time to time 
shall furnish. such statements as may be required. He shall 
conduct the correspondence of the INSTITUTE, and shall keep full 
records. He shall be in responsible charge, under the President 
and the Board of Directors, of all the property of the INsti- 
TUTE. He shall, with the approval of the Board of Directors, 
employ such clerical force as may be necessary and shall be 
responsible for the work of all employees of the INsriTUTE. He 
shall perform such other duties as may be assigned to him. 
His entire time must be devoted to the affairs of the INsTITUTE, 
unless otherwise authorized by the Board of Directors. He 
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shall be paid a salary to be fixed by the vote of a majority 
of the entire Board of Directors. 

43. The Treasurer and the Secretary shall invest such funds as 
may be ordered by the Board of Directors. "They shall also 
pay bills when audited by the Finance Committee and ap- 
proved by the Board of Directors. The Treasurer shall make 
an annual report and such other reports as may be prescribed 

44. The Board of Directors may delegate any or all of its 
powers to an Executive Committee of seven members, consiste 
ing of the President, the Secretary, and the Treasurer, ex- 
officio, and four other members of the Board of Directors, 
which committee shall conduct the affairs of the Board of 
Directors between its meetings. 

45. The Board of Directors or the Executive Committee (sub- 
ject to the direction of the Board) may at any time authorize 
anv officer, director, or other person to perform any acts or 
functions, which in the Constitution or By-laws may be pre- 
scribed to be performed by any specified officer or other person, 
whenever by reason of death, absence, disability or other cause, 
sufficient ground therefor shall appear to the Board or Execu- 
tive Committee. 

46. The Standing Committees to be appointed by the Presi- 
dent as specified in section 41 shall be the following: 

A Finance Committee of three members. 

A Library Committee of five members. 

À Meetings and Papers Committee of five members. 

An Editing Committee of three members. 

À Board of Examiners of five members. 

A Sections Committee of five members. 

A Standards Committee of nine members. 

A Code Committee of seven members. | 

A Law Committee of five members. | 

The Board of Directors may appoint auxiliary members to 
any committee. The members of the Finance Committee shal! 
all be members of the Board of Directors. All other stand- 
ing committees shall include at least one member of the 
Board of Directors. All members of the Board of Examiners 
shall be Members of the INSTITUTE. All committees shall be 
directly responsible to the Board of Directors, and shall act 
under its directions. The Board of Directors may, at any 
time, at its own discretion, remove any or all members of any 
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committee and appoint others. The terms of the members 
of all standing and special committees shall terminate at the 
close of the first meeting of the Board of Directors following 
the Annual Meeting. 

47. All official communications of committees to the Board 
of Directors shall be made through the Secretary unless other- 
wise specially ordered by the Board of Directors. 


48. In addition to the duties and powers hereinafter ascribed 
to committees, these committees shall perform such other 
duties, and shall have such other powers, as may be specified 
in the By-laws, or as may be delegated to them by the Board 
of Directors. 


49. The Finance Committee shall have direct supervision of 
the financial affairs of the Institute. It may employ an 
expert accountant to assist in auditing the accounts. It shall 
approve all bills before payment, and shall make recommenda- 
tions to the Board of Directors regarding the investment of mon- 
eys, and all specific appropriations. No paymentsother than for 
routine office expenses shall be made by the Secretary or Treas- 
urer except upon the authorization of the Finance Committee. 


50. The Library Committee shall have general supervision 
of the Library of the INsrirTUTE. The committee shall make 
recommendations to the Board of Directors with reference to 
the Library, and shall direct expenditures for books or other 
articles for the same, of such sums as may be appropriated for 
these purposes. 


51. The Meetings and Papers Committee shall arrange for 
the meetings of the INsTITUTE, and for the preparation and 
discussion of the papers to be presented before the INSTITUTE. 
The committee shall decide all questions regarding the accept- 
ance or rejection of any paper submitted for presentation before 
the IusTiTUTE, and all questions regarding the publication of 
papers presented before the INSTITUTE or any of its Sections. 


52. The Eliting Committee shall edit all discussions of the 
papers presented at any meeting of the INstiTuTE, and all 
communications in reference thereto, and shall decide all ques- 
tions regarding the publication of discussions and communica- 
tions in the PRocEEDINGS and TRANSacTIONS of the INSTITUTE 
Ог otherwise. | 


53. The Board of Examiners shall pass upon the qualifica- 
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tions of all applicants for election or for transfer, whose appli- 
cations have been received by the Secretary, and which are in 
conformity with Sections 10, 11, and 12 of Article 3, and it 
shall report its findings to the Board of Directors for action. 


94. The Sections Committee shall have the general super- 
vision and managerent of the Sections and Branches of the 
INSTITUTE. The committee shall confer with the Sections 
and Branch officers, and it shall consider, investigate, and 
make reports and recommendations to the Board of Directors 
for action upon all matters regarding or involving the interests 
and the welfare of Sections and Branches, or the relations be- 
tween these organizations and the INsTITUTE. 

59. The Standards Committee shall consider and investigate 
all matters relating to units and standards appertaining to or 
applicable in electrical engineering and in the allied. arts and 
sciences, The Committee shall make reports and recom- 
mendations to the Board of Directors for action thereon. 


56. The Code Committee shall consider and investigate all 
matters relating to the formulation of rules for the protection 
of persons and propertv against fire and other hazards in con- 
nection with electrical installations and equipments, and shall 
confer with similar committees of other bodies regarding the 
same. The Committee shall make reports and recommenda- 
tions to the Board of Directors for action thereon. 


97. The Law Committee shall consider and investigate all 
matters relating to the Constitution and By-laws of the Ім- 
STITUTE, the duties and jurisdiction of its officers and commit- 
tces, its legal status and responsibilities and like legal and 
cognate questions; also all other matters referred to it by the 
Board of Directors, the President or the Secretary. The Com- 
mittee shall make reports and recommendations to the Board 
of Directors for action thereon. The Committee may consult 
legal and technical counsel with reference to any question 
before it. 

58. The Board of Directors may, at its discretion, appoint 
Local Honorary Secretaries to represent the INSTITUTE in 
foreign countries. Such appointments shall be made for a 
period of two (2) years and may be renewed. 

59. The following numbers shall constitute a quorum of tha 
Board of Directors: 

For all business prescribed by statute for a Board of Directors 
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—twelve members or such larger number as the statute may 
require, 

For expulsion of Members—fifteen members. 

For all other business—five members. 

60. Unless otherwise specifically provided in this Constitu- 
tion, the action of the Board of Directors shall, in all cases, 
be determined by the concurring vote of a majority of the 
members present, providing there exists the quorum required 
for the particular business. 


ARTICLE VIII. 
MEETINGS. 


61. The Annual Meeting of the Institute shall be held 
in the city of New York, beginning on the second Friday in May, 
when a report of the proceedings of the INSTITUTE for the past 
fiscal year shall be furnished by the Board of Directors. This 
report shall be verified by the President, Treasurer and Secre- 
tary and approved by the Board of Directors. It shall show: 
the whole amount of real and personal property owned, where 
located, where and how invested; the amount and nature of the 
property acquired during the past fiscal year and the manner of 
its acquisition; the amount applied, appropriated or expended 
during the year, and the purposes, objects or persons to or for 
which such applications, appropriations or expenditures have 
been made; the names and places of residence of persons who 
have been admitted to membership in the INsTITUTE during 
such year; and all other facts bearing upon the status of the 
INsrTiTUTE. This report shall be filed with the records of the 
INSTITUTE and an abstract thereof entered in the minutes of 
the Annual Meeting. The reports of all officers and of the 
standing committees shall be presented at the Annual Meeting, 
and the vote for officers for the ensuing year shall then be 
announced. In addition to the above, professional papers 
and the discussions thereof arranged for by the Meetings and 
Papers Committee may be presented, and any other business 
may be brought before and transacted, at this meeting. 

62. There shall be held outside of the city of New York not 
later than August first an Annual Convention of the INSTITUTE, 
for the presentation and discussion of professional papers, and 
for the transaction of other business not affecting the organiza- 
tion or policy of the INSTITUTE. АП questions affecting the 
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organization or policy of the INsTITUTE may be brought up for 
discussion at this Convention, and may be referred by a ma- 
jonty vote to the Board of Directors, with recommendations. 
The time and place of such Convention shall be fixed by the 
Board of Directors. 

63. Special meetings of the INsTiITUTE for the transaction of 
business may be called by the Board of Directors at any time, 
by written notice stating the specific object thereof mailed to 
each Member and Associate at least thirty (30) days prior to 
the date of said meeting. 

64. Other meetings of the INsTiTUTE may be held at such 
times and places as the Board of Directors shall select, at 
which no business affecting the organization or policy of the 
INSTITUTE shall be transacted. Notice of all meetings specified 
in this Article of the Constitution shall be sent by mail, or other- 
wise, to all Members and Associates, at least ten daysin advance. 


ARTICLE IX. 


INSTITUTE SECTIONS AND BRANCHES, 


65. Whenever, in the judgment of the Board of Directors, a 
sufficient number of Members and Associates shall peti- 
tion, in writing, these members may form, subject to the 
Constitution and all By-laws and regulations which may be 
hereafter prescribed by the Board of Directors a Section organ- 
ization for the purpose of more effectually carrying out the 
aims of the INsTITUTE. 

66. Any Member or Associate may become a member of such 
Section, but a Member or Associate shall be entitled to vote, 
or hold office, 1n one Section only. 

67. The officers of each Section shall consist of a Chairman, 
a Secretary, and such other officers as each Section. may find 
desirable. "These officers shall be elected by the votes of the 
Members and Associates of that Section, in the manner pro- 
vided in the Section By-laws. The election of any Member 
or Associate as a Section officer, shall not debar him from elec- 
tion or appointment to any other office in the INSTITUTE. 

68. The Chairman of the Section shall perform the duties 
usually devolving upon the Chairman of any organiza- 
tion, and in addition shall be ex-officto a member of the Sec- 
tions Committee of the Institute. He shall have the privilege 
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of appearing before the Board of Directors at any meeting, on 
giving due notice of his intention to do so, for the purpose of 
conference with the Board of Directors, in regard to any matters 
pertaining to the affairs of the INsTITUTE in his Section. The 
Chairman shall perform such other duties and shall have such 
other powers as may be delegated to him by the Board of 
Directors. 


69. The Secretary shall report the Proceedings of the Section 
to the Secretary of the INsTITUTE; he shall, in general, discharge 
the duties of a Secretary both to the Section itself and in its 
relation to the INsTITUTE; he shall perform such other duties 
as may be prescribed in the Section By-laws, or in the By-laws 
of the INsTITUTE, or delegated to him by the Board of Directors. 


70. Each Section may have the privilege of being represented 
at the Annual Convention, by an official delegate, who shall be 
the Chairman of that Section, or, in his absence or inability to 
attend, by an alternate delegate selected by the Section. The 
official delegate attending the Annual Convention may have his 
expenditures for transportation refunded by the INSTITUTE, as 
provided in the By-laws. 

71. The Sections may ho!d meetings at such times and places 
as may be determined by their officers, for the purpose of carry- 
ing on their work. 

72. Any Section may adopt for its own government such 
By-laws to be known as “ Section By-laws " as it may find 
expedient, provided that no provision thereof shall be in- 
compatible with the Constitution or the By-laws of the Ix- 
STITUTE. | 

73. University Branches may be formed and Student meet- 
ings may be held as provided in the By-laws. 

74. Sections and Branches may be dissolved in the manner 
specified in the By-laws for failure to comply with the Con- 
stitution and By-laws of the INSTITUTE. 


ARTICLE X. 


GENERAL. 


75. A quorum of the INSTITUTE at the Annual Meeting shall 
consist of not less than five per cent. of the total number of 
Members and Associates, present in person or by proxy. The 
same number shall constitute a quorum for the transaction of 
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business at the Annual Convention and at special meetings 
called as provided in section 63. 

76. Every Member or Associate entitled to vote at any meet- 
ing may so vote by proxy, signed by the Member or Associate, 
and filed with the Secretary before the meeting at which it is 
to be voted. No proxv shall be valid after the expiration of 
eleven (11) months from the date of its execution, unless the 
Member or Associate executing it shall have specified therein 
the length of time it is to continue in force, which shall be for 
some limited period. Every proxy shall be revocable at the 
pleasure of the person executing it. 

77. The Committee of Tellers named in Article VI., sections 
31-35, shall be considered a proxy committee for the definite 
purpose of formally voting, at the annual election, letter ballots 
named in Article VI., sections 32-33, and canvassed by them 
as stated in section 36. | 

78. The fiscal year of the INstiTuTE shall terminate with 
the thirtieth day of April. 


ARTICLE XI. 
AMENDMENTS. 


79. Amendments to this Constitution may be proposed bv 
means of a petition signed by not less than one hundred (100) 
Members or Associates and received by the Secretary not later 
than February first; or by means of a Resolution adopted by the 
Board of Directors not later than February first. Such proposed 
amendment or amendments shall be submitted to legal counsel 
by the Board of Directors, and if, in the opinion of such counsel, 
they are in accordance with the laws under which the INSTITUTE 
is organizel, a сору shall be mailed, with a letter ballot, to each 
Member and to each Associate, not less than sixty (60) days 
before the annual Meeting. 

80. Votes, to be considered, shall be received by the Secretary 
not later than one week before the Annual Meeting. The Sec- 
retary shall hand these votes unopened to the Committee of 
Tellers, which shall ccunt such votes and make a sealed report 
to the Board of Directors in Guphcate, of which one copy shall 
forthwith be filed with the Secretary, and of which the other 
copv shall remain in possessiou of the Chairman of the Com- 
mitteo, who shall hand this report to the presiding officer at 
the annual meeting. In the absence of this report bv the 
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Chairman of the Committee the Secretary shall produce the 
duplicate copy and hand the same to the presiding officer of the 
meeting. "The presiding officer shall then cause the report to 
be read. If the total vote be not less than thirty per cent. 
(30%) of the total membership of the INSTITUTE, and if 
seventy-five per cent. (75%) or more of all the Members and 
Associates voting shall declare themselves in favor of the pro- 
posed amendment or amendments, the same shall become a 
part of the Constitution. 

81. Amendments shall take effect thirty (30) days after their 
adoption, but officers of the INSTITUTE at the time any amend- 
ment becomes effective shall continue in office until the end 
cf the terms for which they were elected. 

82. The Secretary shall print copies of the amendments as 
soon as practicable after adoption, and distribute the same to 
Members and Associates. 
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